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ELEMENTS 
PHYSICS OP IMPONDEMBLE BODIES. 



PART IL 

ELECTRICITY, ELECTBO-MAGHETISM, AND 
MAGNETO- ELECTEICITY. 



Elscibicitf ii the etherkl power vbich aOecti all out ■eosei, 
and which prodiLcea the moiE varied results in it* influence on all 
bodies whatever ; it u diffused Ihoughout tbe globe, and resides 
in all Cerrestrial subsunces. As yet, it has not been ascertuned 
whether its presence is confined to our planet, or whether it 
exists thougbout tbe universe. 

Its presence is genenllj not perceptible in bodies, which are 
then said to be in a state of dtctiieal guiactnce. It is not, bow- 



£leetiioity becomes sensible when this state of quiesc^iee is 
disttirbed, and the electricity is set frte. Probably no change 
transpires in the Duterial world which is not connected more or 
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less iatiniBtely with a dltturbanee of this condition of repose, and 
vi eicitement of the electric paver to a state of actiiitr- The 
principal csuses of electrUsl excitement with which we are at 
present acquainted, are the /naioa and ecminrt of heterogeneous 
Bubstanoes, chaagt ofUmperalvt, the vib^procat, Ihe fuHclimt of 
the.almp^iAert, the prtmn and rupiun of bodies, and raagnelitni. 
Philosophers are aot unanimous as to whether chtmital action aai 
a cimtge ia (A* agprtgati font of mailer are capable of eiciting 
electrieitj. The ordinate means of eicilation emplojed are 
friaioji, catUai^ hiai, and nagnttitm. According to the source 
ftom which it is derived, it ia called friction tUctritily, tttcitidtg 
by amlact, Ucmo-c&cfrictfy, and nagntlo-ilrclriciiy, 

Faraday has demonstrated, that the electricity liberated by 
these varions modes is essentially the samei that the source 
wbeoce il is deriied ofiects its operations mainly in this respect, 
that one method will gire us a amatl quantity of electricity of 
great intensity, whilst another will yield a larger amount of ^ec- 
tricky, hut of less intensity. 

§ 466. 

bodies inasuteofelecl 
The different phenomena 
der the following heads i 

1.) Mechanital pAtnamaia, which are obserrable in the motions, 
or even in the diBTuption of other bodies. 

S.y Lunumna phenomtnot vbich are attended with a report 
more or less loud. 

3.) TTUnnai pAfltomcTto, such as the incandescence, fusion, and 
combustion of bodies. 

4.) Chemical eETects, consisting of the chemical combination 
and resolution of bodies. 

5.) FAgtiologitat pkenomeHa, such as the production of ■ 
pectiliar phosphoric odour, a sensation as if fine spider^s webs 
were drawn across the bee, an affection of tbe nerves of sight and 
taste; and lastly, a cnovulsive action of tbe whole nervous system, 
Eometimes slight, at olbera more intense, and occasionally even 

6.) Mofnttic phenomtna, affecting magnetic bodies, and im> 
parting magnetic properties to non .magnetic substances. 

Tbe larlous exhibitions of this electrical power do not all 
occur umultaneously, or with equal degrees of intensity : in 
many cases they are so feebly developed that instruments ar« 
required to collect and render visible the effects produced. 
For this feasco, it was formerly thought that only certain 
substancea possessed cleclrieal properties ; vjth many of the 
phenomena of electricity we have become acquainted odIt 
. vittuo • compamively short period. 
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— OHDIJCT0R9, NOH-COIIDnCTClS. 3 



§467. 



The electrical EUte of any bodj, whatever msy be tlie cauu 
which hsa miluced that Mate, is estimated \ij the quantity and Ihe 
inteniiiy of the electricily which bos been called forth inlo acLion. 
The electricity liberated may be measured, and lis quantity may 
be expressed bj meana of any electrical effect that is assumed as 
the unit of measurement. It* density depends on its quantity, 

quautiliet of electricity be equal, their densities will be inTersely 
as their suiGicesi i.e. if one surface be n times larger than 
anotber, then tfae density of the same quantity of electricity 
. will bo -th of that oa ibe lesser sutface. 



§468. 

The electrical state of a body may be rnerely taaporary, i. e. 
an electrified body may, aAer Ihe lapse of a longer or shorter 
period, lose its electricity, and resume its condilion of electrical 
quiescence, when it will be said to have diichargai iiself. The 
time required for this purpose depends on the nattire of the 
bodies ia contact witb the surbce of the electrified body, and their 
readiness for acquiring its free elecliicity. All substances pos- 
■ess the property of withdrawing the free electricity from any 

themselves ; when this is accomplished, they ue said to be eZcctri- 
jSeii Ay coaductioH. According to the lime consumed iu this pro- 
cess bodies are divided into anuliiclori, ■m-con'uclori, and bad 
eondactori. The loss of e]«!trlcity sustained by any electrical 
body may thus be measured : the means by which this is effected 
we shall explain presently. 

Condadori are such bodies as became electrical instantaneously 
through their whole citent, when the eleciticitj is imparled to 
tbem at any point oF their aur&ce; they also part as quickly 
-wltb the electricity they have acquired, if one end be connected 
by means of a second conductor with the earth. Their charac- 
teristic property consequently is, that eltctricili/ maj/ bt rcadilif 
treittd in thrm, and that ichen eidtcd it ii freely propagaUd. 

The jum-amduetari ate substances which possess properties the 
very reverse of those just described ; i.e. they carry off free elec- 
trinity but slowly when touched by an electrilied body, or iflbeit 
conttitioD of electrical indifference is disturbed st any one point, 
they become electrieal at that point only; and if their whole 
suT&ce be excited, and they are then touched by lotne con- 
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duclor connected vith the ^annd, Ibey port vllh their free tUe- 
tricity onJy at the point of contact. Their cbsricteTisCic ii, that 
Ihtji utain fret dtctiicilji foe a lutgth of iiau, and that tiny chick 

electrieily they eontaii 

'fiarth. To effect thii we cut on ineir conDeciion wiin ic i>y 
supporting them on some DOn-con ducting lubstance : when thus 
situated they are s^d to be insulated. 

It was Ibnaerly thought that none but the non-conducton 
could be electrically eicited, and tliat no other bodies pas- 
se»ed electricity; hence the name of dioirict giien to th« 
fbrmer, and myi^dettriet to the latter claas of substances. 
Between these two eitremes there is a large class of ixdifftrait 
eatdactor; the time required by which for the transmission irf 
electricity is so considerable as to admit of its being ra^ly mea- 
Kured, A strongly defined line cannot be drawn between these 
three classes of bodies; neither does there eiisl any such thing a« 
a perfect conductor, or a perfect non-conductor; but the con- 
ductors, arranged in the order of their cooducting powers, descend 
gradually to non-conductors. 

Eiperiment and observation have shown that IVee electricity 
attaches itself larinusly to these bodies; that in the conductors 
it is accumulated only at the surface; but in substances of tow 
conducting power, when subjected to powerful electrical io. 
Suences, it penetrates to the interior, and is firmly retained. 



Our earth is the universal conductor to which all the free 
electricity ftom other bodies tends to return. The prinripal 
condudora are those melaJs which have a rej^ular structure ; then 
well burnt cbareoal and graphite (hisck-lead); neit the earths; 
then most of the salts and many liquids, both in a fluid and 
Taporous form. Among the liquids, the acids are distinguished 
for their conducting powers: next come the aqueous solutions 
1^ the acids and salts; and last of all water itself. All other 
solid bodies became conductors when moistened or damp ; hence 
all animals and Tegetcbles are conductors. Lastly, flame, smoke, 
and vacant space are conductors. 

On observing the list just given of the best conductors of 
ctectririty, it will be perceived that many of them, especially 
-among the solids, are also good conductors of heat. 

§47a 

Among the iioa-CMffKcfori are to be reckoned all kinds 6f 

glaia, the precious stones, particularly the diamond, the metal- 
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loids, cspeddl]' sulphur, >i1 the metslUe oxides, mi the alkalies 
■ad earths, when perfecllj drjj the combustible minerals, with 
scarcely an eiceptian ; to this class, too, belong all kinds of hair, 
indiaa-rubber, *ax, dr; vegetable products, as sugar, gum, dry 
wood,' cotton. Ice. ; the fatty oils, Kthei ; all animal coverings, as 
hair, skin, feathers, the webs of spiders and caterpillars, silk, raw 

proportion to Iheir denuty ; and lastly, perfectly gaseous sleam. 

Of the diSerenl oon- conducting lubstances enumerated aboie, 
shell-lac is the one vhich insulates most completely ; but glass is 
the body most generally used. The atmosphere is the most 
widely extended, and the mnst important nan-conductor. Had 

hare been visible to us. It is worth noling. that its conducting 
poirer increases in proportion to its rarity and the quantity irf 
aqueous vapour it eonUins, 

The principal substances of taean emulactiitg pmctr are paper, 
parchment, wood, horn, bones, ivory, nlarble, alabaster, and 
several other stones, vhen situated in the open air, and in their 
ordinary state of dryness. 

Tlie etmdvcHng poatr of bodies, or the mdiness with which, in 
a given time, they transmit through their mass a certain quantity 
of free electricity, is an important element in the results brought 
about by this agent. It varies not only ivith the substance of 
K body, but also according to its dimensions and temperatuTe- 
It may be remarked generally, that silver and copper, auMng 

and quicksilver have the lowest; that among liquids the 
highest rank is filled by nitric and sulphuric acids, and the 
lowest by water and alcohol ; flirther, that the conducting power 
■rf all bodies is weakened by increasing their length; that its 
intensity is increased by enlarging their transverse dimensions; 
lastly, the conducting power of metals is weakened by raising 
tb«r temperature, but that it is increased by heating all other 
bodies, and espeeiajlv liquids ; nay, even some substances which 
are nnn-conductora in the solid farm, acquire a very considerable 
conducting power when fused or melted. 

Thus Sir H. Davy found that glass raised to a red-heat, 

melted sealing- wax. pitch, amber, shelHae, sulphur and wai 

became good conductors. 
From the difference in the conducting powers of bodies arises 
the diff(:rence in the reustance offered to the conduction of elec- 
tricity ; or, as Biess terms it, the eliclncal rrlardiig font. It 
dimini^es the electrical influence in the same proportion as the 
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propagation of the free electricil}' is retirded ; and according to' 
viperimenu made to deteiaiine this matter, tliis resistance and 
lou of pDver are inversely as the coiulucting pover. Tbe 
different intensity of certain electrical eHects, measured bj aome 
standard unit, (;ives ua the loeans of eipiessing. in Dumerical 
values, tbe conducting paver and the resistance offered in dif- 
ferent bodies. Tbe moaner in which this is done vill be ex- 
plained piesentty. 

§ 472. 

Most philosophers have assumed tbe eiislenee of a peculiar 
tltctrical fiaid as the cause of the various electrical phenomena 
which present tbemielvei to our notice. In more fuUjr explain- 
ing Ibe properties of this fluid, there are two principal theories 
propoiinded, tbe one supposing that there is but me, tbe other 
that there are two electrical flaidt. 

Tbe first of these hypotheses was proposed and defended 

by (Epinus and Franklin j ihe latter by Symmer. The 

greater number of electrical phenomejia may be satisftctotily 

explained by either thtory; the second has, however, been 

embraced by tbe (createat Dumber of electricians : by it we 

shall explain the different electrical phenomena. 

According to Franklin's view, tbe particles of this electric 

fluid are repulsive to each other, but are attracted by all bodies. 

and when combined with them, theylose their repulsive tendency 

but their capacity for it Tsrics ; when any substance contuns that 
quantity which answers to its edacity, no electrical action is 
obwrved, and the body Is in a lUte of eleetrical indifferaKt; but 
if the fluid be in either redundancy or deficiency, this quiescence is 
disturbed and the body is electrified. When the fluid is in excess, 
tbe body is said to Ik poiiSudy eleetrifled ; when it is deficient, 
it is ne^ativtly electrified. A body may therefore be electrified, 
either by adding la its electricity, or by subtracting from it ; or 
lastly, by the fluid, which was previously distributed equally 
throughout it, being acrcumulaled in one direction, so that a 
redundancy is created in one part, whilst a deficiency et jsts in the 
other. Bodies poutively electrified have a tendency to give otxt to 
other budles the excess of their electricity ; those which are 
negatively electrified endeavour lo withdraw the fluid fVom others, 
to supply their deficiency. 

If this view he adopted, tbe operations of electricity will 
be friund closely to resemble those of heat. 
According to the other hypothecs, all electrical phenomena re- 
sult from the action of two electrical fluids diffused throughout the 
universe. These fluids are assumed to be extremely rare, impon' 
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denible, uid expaniiTe in the highest degree, llie paitielei of 
each, by virtue of this Uat-nuned property, mutuflllj repel each 
other, and in thii reapect the tvo fluidi are perfectly equal. The 
particles of the one fluid are, however, supposed to haye en 
■ttracdoa for those of the other; they therefore combine when no 
obstasle stands in the iray, ondivhen united in exactly equal 
qiumlities, they lose tbeir eipansire force. To one of these fluids 
has been given the appeUation of pmiliee dtelrialy. -t- £ ; to the 
other that of iiej7iift'ee,—G : they are both aalagoniMl iledriciliei, 
. and this oppoiition is termed tb^r polarih/. If Ixith the fluid* 
exist in equal pioportions in any body, no electrical action 
happens i hut the body is in a state of quiiicaiee, vhtcb is ei- 
piessed lymbolicBUy, thus + E, or O E. A body is posiltneli/ 
dittrijitd, either by imparling to it some free + E, or its condition 
of indifference is disturbed by withdraving from it a portion of 
its — E; it is negalirrlf electrified if the conierse happen. A 
body may appear electrical on two appotile sides ; for one may 
have positive and the other negative electricity. Hiis electrical 
state obtains, if a portion oF its neutnl electricity be resolved, 
so that the positive electricity ii accumulated st one eitremity, 
tuid the negative at the other. If the cause ceases which eiciles 
this disturbance the fluids again combine, and the body is restored 
. to a state of quiescence. Lastly, according to this view, all 
electrical phenoitiena are owing to the tendency of these anta- 



Wbaleter may be the cause of the various electrics! pheno- 

uf electricity. It is in a manner a great retenoir, front which the 
Huid issues, or may be procured in various quantities, and to 
which it agun retunu from electrical bodies on its lurfiwe. 



The slates in which the firee electrical fluid exerts its force are 
two; namely, the state of equilibrium, linawa as the tUclrieal 
letuioa, and that of motion, when the two antagonist forces are in 
the act of combining; this is called the «2«fncDl cwmit. FriHn 
the former stale the primary, and from the latter the secondary, 
eO^ls of the electrical force derive their origin. 



§ ^ 
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bj comlniution eub with its uitxgotiUt. Tfaii tendency u the 
more forcible the neater tbe inteniity of the fiee electricilT- 
($ 4ST.) The fundameDtal effect produced bj this teadencjr u 
tbe attrttctian of all luch bodice to, by parting with their own 
eleetrieitf , would contribute to reitore the sLite of equilibrium. 
Hence electrified bodiet ittract all other aoo^leclriBed bodiea, 
and endeavour to saturate thenuelrea with their opposite elec- 
tricity. If the attracted bodj doet not poSKU the requisite 
quantity of the fluid to saturate tbe attracting body, then the 
overplus of the free eiectricitj is imparted to it, so that botb 
bodies display an equal tenBion. ajid the body Just now attracted 
is repelled For similar reasons, every electrified body attracta 
to itself all oppositely electrified bodies. If they both contain 
equal quantities ofoppoute electricities, they saturate each other 
on contact brang established, and botb acquire a stale of electrical 
indiSerenoe. If the quantities of the antagonist fluids are unequal, 
the bodies continue electrified offer contact, and they both ooutuc 
the electricity of that body, which, before contact, conuined tin 
largest amount of electricity. All similarly electrified bodiea 
vill repel each other, because the particles of the like electrical 
fluids eiert a repulsive force against each other. 

From a consideration of these phenomena, tbe following law 
of electrical attraction or polarity has been deduced : — Lilu 
e'»lri«'(i(a( + Eand>E, and— Eand — E)r^aicA nUier; but 
taUiit ( + E and — E) attract ; and if Iht giuiatitia of dinimHar 
lUclricitia be ixaeOy egiaii, Oieg mulratitt taeh ntW; that is to si^, 
fAcy b-in; abavt tht itate ef tkctrieal indifferaia (O E). This 
law of electrical polarity bears a striking resemblance to that of 
magnetic polarity. (See § 437.) 

The state of electrical tension may also be recognised by certain 
physiological effects, viz. a peculiar phosphoric odour, and a 
sensation ss if spiders' webs were being drawn across the &ce. 



Tbe principal effect of tension, viz. attraction, is eierted in a 
radiant direcdon from an electrified point or ball, and its intenrity 
decreases with tbe distance. By means of an apparatus, the 
construction and use of which we shall describe hereafter. Cou- 
lomb found that the law of forces acting from a centre was 
confirmed in this case, and that the intenuty of these polar forces 
decreased as the square of the distance Increased, i. «. at double the 
distance the intensity would l>e oue-fourth; at three times the 
distance, one-ninth ; at n times the distance, --^ of wbat it b at 
the unit of distance. 
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The state of ten^n becomes converted into one of motion, or 
an dedrical atrmU is generated, if aa opportunity is presented to 

an electrified bod; oT comtHnlng with its antagonist electricity. 
lliia condition is tiilfilled by establishing an immediate coolact 
betire«n ibe formei body and one oppositely electrified ; or, by 
cottnectiog Che two by laeaos of a couductor ; or, by cotiDeoting 
one of them with the euth. Under any i^ the arrangements 
just named, the dmimllar fluids ruth together and neutndiie 
each other on the passage oSered them hy the conduetii^ 
medium. If two eouTws are presented to the fluid by which it 
may make its exit, it will select thst where it meets with the 
least resistance, and if the cooductort be equally good it will 
select the shorter. 

Tbe lime that a current of electricity will last, depends on the 
retarding power of the conductor, and on the quantity of the 
fluid to be discharged ; If this be but small, and the cause which 
induced the state of tension be merely temporary, tbe duration 

current is said to be moneifory or imtatUantiHu ; if, on the con- 
trary, the cause by which the tension is brought about continue 
lor some time in operation, the current wilt be maintained so long 
as free electricity is generated and the current is said to be pcr- 
nantnt, T^e momentary current is generally excited byifric- 
tional electricity, and the permaiWDC by electricity by contact, by 
thermo-electricity, and by magneto-electricity. 

The efiects produced by a current of electricity are Tarioos. 
A momentary current, from a high degree of electrical tension, 
generally displays itself in intense luminous phenomena; in the 

the violent couTulsions of tbe nenes. It also produces feeble 

on the contrary, is marked by its powerful chemical influence, by 

magnetic properties. The permanent electrical current exerts a 
less intense luminous influence, and acts slightly on the nervous 

Tbe explanation given above is based on tbe theory of two 
fluids which are supposed to move towards each other. Ac- 
cording to Franklin's bypotbeHs, it is only tbe positive elec- 

in B slate of motion. This excess he supposes to go over Into 
the negative body, i. e. into the body which has less than the 
nonnul quantity of electricity. 
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§ 477; 

The Telocitf vitb vhlch a current of electricity triTcIs U 
greater even [ban that of light itaelt Wheatitone, in an eiperi- 
ment, which will be described hereafter, estimated it at SSS.OOO 
inilea, being half a) great again as that of light, lliia is the rate 
at which it trareia in copper wir^ irhether iti velocity is as 
great in other conducting bodies baa not jret been ascertained. 

§478. 

Electrified bodies also eHect a reulution of the neulral elec- 
tricity in unelectrlSed bodies into its elements ( + E and — E), 
when the latter are brought into proiiiuity to the former. Hie 
distance at which the body originaUy electrified exerts this in- 
fluence is tcmied its tlrsiHcal atmoaphtre. This, electrical ekcite- 
ment vaHes as the eicitiug body is in a state of tension, or is 
emitting a current of electricity. In the former case, bodies 
brought within the sphere of its influence are themseUea put into 
a state of tension ; in the latter, they discharge their electricity in 
a stream. The imelectrified bodies thus .put into a state of 
electrical activity recoret their origin«J quiescence as soon as 
they are removed beyond the atmosphere of the exciting body. 
The electricity thus excited Is said to be induad, and the proce^ 
is called electrifying by iwAicfwn. The special phenomeoa ex- 
hibited by induced electricity will be noticed in the course of 
this section. 



A. JVndoiRMfDl Effect! and PftmonHna of FrieliomJ 



§479. 

When two disumilar substances are rubbed together, they are 

' coming electrified throughout their entire surtitce if insulated, 
non-conductors becoming so only at the parts anhjected to friction. 
If one of the bodies be a non-conductor and the other a conductor, 
and the latter tie connected with the ground, the fbrmer will be 
rendered susceptible of a more powerful tension. The electrical 
condition of these bodies may be most readily recogniied by 
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their attncting and repdllng undeetrified bodies. A bint lumi- 
noiu appeamice iHll dto be rUiUe, and tbc physiological pbe- 
nonwiu daeribed aborc (§ 474.) wiU be obaoiable, but in a low 
degite. The fbUowiag eiperimeiUi vill illuctiate these pbeno- 

Firwl EipL Rah a glaa lod, ot a sti^ of Bealing-wai, 
vith ■ votjkn cloth, or with ■ piece of bIL a lev tiniei, and 
you will obiene : — 

1.) Both the non-conducton which baie been rubbed at- 
tract mull pieces of paper, feathery or smilar light Bub- 
Maoces. and then repel thetn. The tame ma; be SEen by 
subtending a pith ball by » silk thread and presenting it to 
the declriGed body. 

S.) Ifthe knuckle of your hand, orasmsllbrassknob, be 
o&ered to the tuibce of the bodiei you bare rubbed, a soap 
will be heard, and if tbe room he darkened a small spark 
wUI be Tiiible. 

3.) If the glass rod be large enough a Mtisatioii will be 
felt as if spiders' webs were drawn across your bee on 
bringing tbe rod before your eyes. 

4. ) Place the glass rod under your nose, and you will 
peteeire a ftint smell like pbosphorus. 

As the substances named in this espenment are non- 
conductors, these effects will be perceptible for some time, 
eren thou|^ they may be touched iu sereral parts of thur 
■urbce. (§468.) 

Seeomd Eipt. Hold a metal rod in your hand and rub it 
in Uke manner ; none of Uwse phenomena will be produced 
by it. Tbe metal wben grasped by the hand is not insulated, 
the electricity elicited is conveved by the body of tbe ope- 
rator to tbe ground. (§ 468.) Tbe same remark holds good 
with regard to any other coaduetor ; for which reason, tbese 
substances were long considered non-electrics. 

But if a meul rod or plate be insulated, by filing a glass 
handle on it, friction will render it electrical ; if any point 
of its surface be touched, it will at once part with its free 
electricity, because of its conducting properties. (§ 468. ) 

■ mrd Expt. To proie that buth the bodies are electrified 
by rubbing them together, we must nert offer some tx- 
tremely light substance to the oloth or silk with wbieb the 
rodof glass or «sling-wai has beeurubbed; even then, per- 
haps, its electrical propertiea may not be evident. To yeri^ 
the eKietence and to measure the intensity of these we must 
use some one of tbe delicate electroacopea which will be 
described in the succeeding paragraphs, or else the rubber 
must be so arranged that the electricity set free by the fric- 
tion may accumulate itself on a conductor. Fig. 149. repre- 
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riTed far tliis purpose. 



!^l;|^ wood, in shape someirbat 



aide of wbieh, ab, some 
stripa of cloth are fastened. This Is then covered with ft 
piece of tinfoli of equal length and braadth, oier which is 
pUced s piece of soft cslf s akin or linen, coated with uiine 
of the amalgam described in § 48S, and thm a piece of silk 
is strained over the whole. At one end oF the rubber is 
placed a metal knob c, connected tviih the lintbil, and in- 
tended to receive the electricity set free in the rubber; at the 
other end is a glass bandleji, bj which the instrument ia 
held. If the cushion be tubbed with a glasa rod, the knob e 
will immedbtelj be electrified. 

The attractive and repulsive properties of amber, iXaerfov, 
when excited by friction, were discovered at a ver^ reniote 
period, and for a long while this was all that was known 
concerning the nature of electricity. It waa not till the year 
1600 that the aame peculiarity was oUerred in other bodiea. 
and for more than another century the acience of electricity 
thus remained in a state ofinl^ncy. In the course of the 
18th century it was gradually elevated by lereral men of 
science to an important rank in phyucs ; but the most rapid 
advances have been made during the preaent century, and 
indeed during the last ten or twelve years of it. Since the 
discovery of electro-magnetism the moat distinguished philo- 
sophers have laboured to carry out these recent discoveries, 
and to place on a firm and scientific basis a theory by which 
the varied phenomena of electricity may be satisfactorily ac- 
counted lor: the completion of this object still remains to 
be accomplished, 

g48a 

Very often the electrical tension excited in a body is of ao 
feeble a character, that its existence is not indicated by »ny of 
the effects yet described. In auch cases we are compelled to have 
recourse to a class of instrumeata called dtttratayptt, or fUtttr^ 
nuttrt. The former merely show when a body is in a state of 
electrical tension, and what species of free electricity it poisesaes, 
whether positive or negative ; the latter enables ua to measure the 
intensity of the tension. They act in ob«dienee to the universal 
law of electrical polarity (g 4T4.), their most essential part being 
some good conductor, which moves very readily as ij is sttraeted 
and repelled. They may be divided bto the ibUowing olasaet ac- 
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cording to the mode of their ronstructioD : — 1.) electioscopes 
in vhleh onlj one oioTeable, light, and insulsled conductor ii fint 
«ttr«cted»nd then repelledj 2.) Bleclroscopei in which twoauch 
conductors repel each other oner the; haie been impregnated 
widi the electricity of the body under invesugation j 3.) those in 
which only one of the conductors moves as It is attracted and re- 
pelled hy the filed one; 4.) those in which a iDoieable ininlated 
conductor ia placed between a poeitiTely and a negatlTcly elec- 
trified body, 90 that when it hit acquu^d the electricity of the 
body under eiamination, it will be attracted by that which is 
dinimilarly electrified. In all those Instrumenla which are m- 
lended to serve as electrometers there must be a scale on which 
to measure the repulsion and attraction of the conducting body 
that acts as an Index of the electrical temioi], and by which we 
may be enabled to cslculate the intenHly. 

The electroscopes of the first class in most common use 

are the following ; — The dtctrieal pauiulmt (Jig. 

Fig. I5a ISa) conslats oTa small pith ball, suspended by a 

silk thread. This is a very umple, but not ■ ve'ry 

•ensitive appatatui. Hai^i ikctrical nodk (fy. 

151.) is very much hke a common variation 

needle balanced on a point ; at one end of the 

needle a snutl pith ball is fixed, that portion of it 

which carries tiie ball being of glass, whilst the 

other half; which serves as an equipoise, may be 

made of copper. Thia apparatus la much more 

■ensitive than the other, and is well adapted to show the 

fiindamental eficct of attraction and repulsion. 

llie following instruments belong to the second class 
of electioseopesi and admit of being used as electrometers. 
Fig. 151. Fiji. 152. 



m 



CoBiJfa't cori or pili-baS dittromdtr ecusists of two balls 
of cork or pitb &stetied to two very fine wires, which are 
attached to a conductor that conveyi the electricity to them. 
(SeejJjr.lia.) 

Fdla'i straw dt dnmt ltr is exactly like the preceding, 
only that fine straw* are substituted for the wire* employnl 
in Cavallo'i eleotromster. 

Bmuttt'M giMla^ tItsinauUr ii similarly nomtnicted, bnt 
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behhit's, hehlet's, AMD Bijtn 

the pendulumi ore in thu cue mode of two fine atrips, about 
tvo lines ia width, ofgaid ieaL (Stejig. 15a) 

To protect the pendulumi of all tbae 
Fig. IJ3. clectrooieters ft-am currenta of air, they are 
eneloaed ia glass cylinden, through the luls 
of which the conductor that they are foatened 
to passes ; bj this meani the coDdueloi la 
insulated. To measure the degree of repul' 
sion that abtiins between the pendulums, ■ 
graduated scale ii attached, ai is shown in 
fy. 153. Wema7olBerTe,thBtor the three 
electrometers last named, the first is the least 
sensitife ; the last is so delicate as <o mark 
lery low degrees of electrical tension. 

To the" Ihird class belong, among others, 
HenJey'i tptadroni tlectromettTt ffrande^t ttraw 
electronuter, and Coulonib'i torsitm elettrxnnattr. 

HrnU^r ^imdrcml fjKJrDfaeter was £rst made in 17TS; tt 
serres to measure the repulsive ftrce of powerful eleetticil 
teauons, for which reason it ia commonly used with elec- 
trical machines. It consists (jSjj. 154.) of a Tertieal rod, of 
brass or wood, on one mde of which is a gradu- 
ated quad raut ; from the centre of which a fine 



Fig. 154. 



a ball of 

cork or pith. Tlie more powerful the tension 
which is transmitted along the conductor, the 
greater the arc through which it will repel the 



consists or a copper wir 

thick and 8 inches long, ' 

its being fastened in a gts 

eod of the 







lich is insulated by 

pilUr.a^ To one 

.re is Gied the ball 

tt the electricity; 

id, d, branches off 

fork, and is furnished 

to little sockets, d, to 

the aiis on which the 



nated al 



in a short metal cylinder, against 
wluch the Btraw rests when in a 
vertical position ; e i J is a gra- 
duated glass quadrant, the zero 
being at i. The Btniw,^il, is 
the electroicopie substance, whose axis at rf is so contriTed 
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thil it may slighdj preponderate, and in a Btite of rest take 
the vertical poutioo d h, and moie fred; about its axis ia ■ 
vertical plane. 

beeo already described at length in g 93., and a diagram iras 
given of it in j!^. 36. vol. i. To fit it up for electrical purpoUB 
the horiiontal needle bd should be made of a thin thread 
of shell-U<r, cniTjing at ila extremiiy, r£, a small gilded pith 
balL At the leto point of the graduated scale, a copper 
wire enteis through the glass cylinder : this irire is also pro- 
vided with a pith ball, gilded, and of tbo same slie as the 
other ; both balls touch vhen the torsion needle is in a slate 
of equilihrium at 0. Nov, to measure the intensity of an 
' electrical tension, the electricity to be investigated is im- 
parted to the last-named conductor, hy which means the ball 
d acquires the like electricity, and ia consequently repelled 
by that of the conductor. The intensities of two electrical 
tensions may be compared and eipressed numerically, if 
their respective angles be observed, and the calculation 
performed as shown in g 93. A small gilded hall, or a little 
roll of gold leaf, fastened to a stick of shell-lac, will be 
found convenient for transmitting the electricity to be ex- 
amined to the ball of the conductor. 

By means of an electrical torsion balance, Coulomb dis- 
covered the law already given in § 475., respecting the 
decrease in electrical intensity. 

This instrument is « very accurate measurer of electrical 
forces: it has accordingly been much used by Faraday in 
his researches. The student will find great care and accuracy 
necessary to obtain correct results iu measurements of so deli- 
cate a character. 

An apparatus in many respects resembling the electrical 
torsion balance was constructed in 1841 by Oersted ; it was 
subsetiuently modified by Dellmann. Fig. 156 o. presents 
a sectional view of iL abed is a cop^ 
Fip. 156 a. per wire which acts as a conductor! 

g it is insulated between A c, in a glass 

tube : a glass or Ivory end fe stands 
eiaclly opposite that portion cd of 
the conductor which rises above the 
foot of the iDctrument From dto t 
there runs a thin strip of copper or 
silver about j aline in width, connected 
with the conductor dc at d, but in- 
sulated at ( with gum-lac The 
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meWl, is a fine copper or litrer wire. 

Fig. 156 (. gki, about i inches in length, but in 

such ■ maaner that one half ^A Iim 

H on the ligbi, and the other half Ki 

^^*£ on the left side of Ihe Hcip of metal. 

'^^0^ Jig- 156. b.) This indet is attached 

" po^'m t(j a thread h t, io the glnsa cylinder c c, 

which beiiig Gied in the foot of the 

appantua aerrea alao (o cuTer it. The cyUader is closed at 

top with a lid ui, in the middle of whichia a hole toreceiie 

the thiead is tiui that aupporta the indei. Now, to give the 
index the position described above, and at tlie sanie time to 
impart the leaU possible torsion to the thread, the wire rl is 
drawn a little way through the cork, so that the needle caa 
rerolie alKiut the metal strip. If the torsion be thus an- 
nihilated, the wire p t ii again depressed till the arms of the 
index stand exactly in the middle of the strip ill. To give 
the desired position to the arms of the indei, turn the screw 
V to which the wire is &stened. Ilie whole apparatus is 
then, Ijy means of three screws at bottom, to be placed In a 
perfectly horizontal position. 

As soon as the electricity is conveyed by the conductor to 
the metallio strip de, the electroscopic needle ;Ai ia repelled 
on both sides. To mark the amount of its declination, and 
the consequent intensity of the electricity, there is a graduated 
circle pq (_Jigi- ISSa. and 1556.), one line below the strip 
d t. This circle is made of parcbinent or cardboard, and is 
attached (and at the same time it is insulated) to the metal 
hy two drops of shell-lac or gum-lac. When the apparatus 
is not in use, this circle serves also as a place on which to rest 

electricity. Its delicacy may be heightened still further, if 
we avail ourselves of the inductive influence of electricity, in 
a way that will be eiplalned in § 48g. 

■^ ■' B fourth class of electrometers there belongs only 
J (improved by Becqu^rel) gold Itaf efecfro- 
leope. ine principal parts of this instrument, as improved 
by Becqufrel, are the following; — ai,fig, 1 57., b a small dry 
nivanic pile of fi'om 500 to 800 pairs, about a quarter of an 
inch in diameter (§ JOB.); when the plates are pressed 
together, such a pile will be l^m li (o SJ inches in length. 
The wires, which are bent so as to aland above tbe pile, 
terminate in two plates p and m, which are Ihe poles of the 
pile, TheaepUtes,n'hicbare£in^e3by)sniDCli,STeparallel 
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Ftg. 157. 




And opposite t 
Blighlly coDTei 



h other. 



p opposite sides to be 
or tbcm to be glided or 
coBieo wiin piaiiuum, and for them tu 
mn on tbe polar wires, h; the litter b«ng 
. made to pass through • small hole in 
them. One of these plates irill always be 
in a state oF+ and the other of— elec- 
tricity ; between them suspend the very 
hoe gold leaf dt;, which la attached to 
tbe conductor cd of copper wire. If Ibe 
leaf hang eiacily between the two plates 
it is equally attracted by each, and ivill 
therefore be in a state of repose. The apparatus should be 
protected by a bell-glass, fitting exactly, and baring an 
opening at the top through which the copjier wirerrf passes ; 
the wire, however, is insulated by its being contained in a 
glass tube, which is made to adhere to tbe bell-glass hy 
means of a small portion of shell-lac or gum-lac. , Screw on 

to test, which will be conveyed by the copper wire to tbe 
gold leaf, and the latter will immediately move towards tile 
piste which has the opposite polarity. This electroscope ib, 
beyond duubl, one of the most delicate ever constructed, and 
is well adapted to show small quantities of + and— electricity. 
To ensure tbe susceplibQity of electroscopes and electro- 
meters placed under bell-glasses, precautions should be taken 
to render the air they contain as dry as possible, which mav 
be effected by inclosing in a suitable vessel a little melted 
chloride of calcium beneatb the glass. 

§481. 

In the experiments described in § 4T9. to iTlnstrate the flinda- 
mciilal properties of declricity generated by friction, tbe kind of 
electridty eicited was disregarded i but if now we eiamine more 
closely, we shall discover that many substances by friction are 
positively electrified, others negatively, and many both positively 
and negatively : further, that of two bodies rubbed together, the one 
will invariably acquire positive, and the other negative electricity. 
To determine whether a body has-i- or — electricity, it is necessary 
that we should bave some substance whose electrtcal state is 
known ; glass rods or sticks of sealiug-wai are most commonly 
used for tnis purpose. The electricity acquired by the former is 
called potilirre or vitreaui tteclricily, that set free by the other 

that the application of the terms positive and negative lo these 
t»o kindi of electricity is purely arbitrary. Agreeably to tbe 
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lav of electrical poUiity (g 474.), thai like electricities attract, 

aod unlike repel, we may easily asccrtaiii of which kind the 
electricity of any paiticular body it, by bringing it withiD the in- 
fiuence of some substance irbose electricity a Vaawa. Tbia we 
■hall proceed to illustrate in the following experiments ; — 

Firit Expl. Electrify two pendulums (fy. I .TO. ), or two 
needles (jf^. 151.), byoieatLs of a glass rod, which you have ex- 
cited by friction with a piece of silk or cord; they will both ac- 
quire the + electricity set free in the glass I it will accordingly 
regiel them, and they will become repulsire to eHcb other. 

If we use a stick of sealing-wai instead of the glass rod, 
precisely similar phenomena will be observable, but in this 

"nius we have eiperimentally proved that similarly elec- 
trified bodies repel each other. 

Second Expl. Impregnate one of these eleettoscopic 
bodies with the -I- electricity of the glass, &nd the other with 
the — electricity of the sealing-wai ; the foiwer will be 
attracted by the negative sealing-wai, and the latter by the 
podtive glass rod, and the bodies themselves will be mutually 

We have now verified the second part of the law of 
polar forces, that unlike electricities attract. 

To test the character of the electricity which is liberated 
in bodies that are in a state of but slight electrical tension, 
ve are obliged to have recourse to s more delicate electric 
scope than either of those referred to in the two preceding 
experiments. The most convenient is Becqufrel'a pile 
electrometer, (_^g. 157.), which shows both the quuntity and 
the kind of the electricity. In other electrometers we are 
obliged, first, to impart to the electrical bodies the electri- 
dty of the body under investigation, and then to test them 
by means of an excited glass rod or stick of aealing-wax- 

Z%tnj Expt. Rub a glass tube on a piece of woollen 
cloth or silk, rolled up tight, and the glass, if tested by an 
electroscope, will be found to be -I- electrified, and the woollen 
cloth or silk to be — . These substances have therefore ac- 
quir-ed opposite electricities. It will be found convenient to 
wrap the silk or flannel in folds over a piece of wood in the 
shape of a bat. 

Fourth Expl. Rub a glass tube up and down the rubber 
just described, and you will find both the flannel and the 
silk — electrified ; substitute a stick of sealing- wax for the 
glass, and the electricity will he + . 

Rub a smooth glass rod with the band, and il will become 
+ electtified ; but if its surface be rough, similar treatment 
will render it -electrical. 
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These eipenmcDta prove that Ibe same substance may,by 
rriction, acquire both-i-BiMl — electrJcLty. 

Hflh Expt. Plates, about 3 incites in diameter, either of 
the aubstaiLce to be eiamined, or of some other material on 
irhich it can be spread, will be tbuad very conienient far 
determining the elMlricilies liberated on rubbing two sub- 
aUnces tocher ; the plates must be iiuulated by means of 
glass handles. After thi^v have been rubbed together, the 
plate) are to be separated, and if offered to a delicate electro- 
meter, it vitl befouod that Due of them 18 + and Ibe othei — 
electrified. 

lav, by whiob we might know beforehand what would be the 
electriial condition of any two bodies when rubbed together. 
The folloving rules seem geoorally to be observed with regard 
to Don-conduclors : — 

1.) Ttie hardat substances appear to be especially susceptible 

The diamond, for example, which is the hardest known 
substance, is invariably + electrified by friction, against any of 
the other precious stones or against glass ; sulpbur is not so 
hard as amber; the former is always —electrified, and the 
latter -<- : other instances will readily suggest themselves to 
the student. 
2.) Of two similar substances, that which by friction becomes 
the liotltr is ntgaliiidy electrified, and the cooUr one potitivdj/. 

Sixth Expt. Rub two silli ribbons together, by drawing 
one cross- ways lo the otheri that which is drawn lengthwise 
will have a + electricity, and the other a — . 

Hub a piece of ground-glass on a polished glass, the 
former will be — and the Utter -(■ electrified. 
It has been further ascertained, that of all known substancea, 
a j:aC'j hnch is the most positively electrical, Bud ndphttr pro- 
bably the most nrgatively to; that is to say, against whatever 
substance you may rub the former, it always acquires -h elec- 
tricity ; and the latter as constantly — electricity. All other 
bodies may be so arranged between these two extremes, that each 
on being rubbed with one of the substances, in order below it, 
will acquire -f electricity, and the body with which it is rubbed — 
electricity ; and that the state of tension thus induced is more 
powerful, the wider the distance in- the series between the two 
bodies. So many circumstances afTect the electrical propertiesof 
bodies, that as yet nn list has been made out that can be regarded 
u absolutely correct, 

PfafiT gives tlie following list of insulators, beginning with 
tlie most positive; if tbey are taken in pairs, the first will bo 
positive, and the succeeding body negative : — 
c 2 
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-f > cat's back, dismond, do^'a Bkin, tourmaline, glass, 
wool, paper, vhiCe silk, blank silk, sealing-vax, eolopbou, 
amber, sulphur — . 

The following is Ritter's list for the electrical tenuon of 
both non-conductors and conductors : — 

+ diainiuul, linc, glass, copper, iriiol, silver, black ^Ik, 
grejr silk, grey nunganeseous cartti, sulphur—. 

§ «8S. 

The non-conductors, especially glass and resinous bodies, are 
used fiir exciting the highest degree of electrical tension, by 
rubbing them against some suitable substance, which is generally 
nf a soi^ elastic textute. Eiperiment has shown, that an amal- 
gam of tin, riiic, and quickailter (a), mixed with some imctuoos 
matter, and spread on silk or leather, forms the best instrument 
citing glass; resinous bodies are most readily afTecied by 
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fl.) Pfister say? that this amalgam is best prepared by 
mixing 2 parts of tin with S of zinc, and 4 of quicksilver. 
Tlie line is to be melted first, then add the tin a^ sooD a.1 

out into a wooden box, on the inside of wliich you have 
previously sprinkled some chalk: the mercury should be 
heated and poured into the box before you add the other two 
metals ; the lid should tben be put on, and the box is to be 
violently shaken till the amalgam becomes cool, when it 
may be finely pulveriied in a mortar. 
The conductors, and especially the metals copper and braes, 
are used for receiving by conduction the electricity set free in the 
non -conductors; to effrtt this, they must be connected with some 
non-conducting substance, most commonly with glau. The con- 
ductor instantly diffuses <§ 468.) the electricity imparted to it 
over its whole surface, which is put into a state of electrical 

modified by the form of the conductor itself. If it be a sphere, 

dimennons be unequal, the tension will be most powerful in the 
direction of its length, the greatest force being at the eitremity 
of the body. Cylinders will serve as an illustration of what is 
meant ; but if the conductor terminate in a sharp edge or point, 
the electricity will so accumulate in these parts, that, unless it be 
extremely full indeed, it will overcome the insulating resistance 
of the air into which it will make its escape. 

The influence which the form of the conductor exerts on 
the intensity of the electrical tension at ils surface, may i>e 
thus accounted for. So long as an insulated conductor is in 
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ESCAfE OF EtJCTIHCIXr FROM 

its nalural state of eleclricity ! i, «. bo long as tlie two fluids 
are in a condition of equilibiiuin, it may be asiumed that 
they are equally distributed throughout the body's mass. 
But when either -h or— electricity is accumulated in a body, 
the single elements of the free electricity repel each other 
and recede until some resistance is offered to their fbrttier 
expansion. If itow the conductor be perrectly homi^eneoua, 
no such cause of resistance eiists, and the electricity neces- 
sarily accumulates at the surface; sad if it be surrounded, as 
it usually is, by the atmosphere, then the latter will oppose 
the required resistance to the further ei]>aD^on of the fluid, 
since the air when dry is a very imperfect conductor. Now, 
if the force be transmitted from the centre, its repulsion will 
obviously be equal in all directions. In conductors of a 
spherical form, the electricity will constantly be qiread in a 
lilm of uniform density, over the surface of the conductor. 
Hence, also, the more the flgure of the conductor differs 
from a sphere, the more unequally will, the fluid be dis- 
tributed about its sur&ice. The accumulation of electricity 
will be greatest in those parts which are the most remote 
trom the middle ; because iu them will be the greatest 
quantity of repulsive elements ; its ititenuly will increase the 
more the end of the conductor approaches in form to a point, 
where the electricity will, of necessity, be the most dense. 
But the denser the electric fluid at any particular point of 
the surface of an insulated conductor, the more readily will 
it overcome the resistance of the alri hence the electricity 
passes otr with such ease from points, 
'' To insulate a conduotiK' completely, so that it may retain the 
electricity with which it has been Impregnated, its figure should 
be &ee from all points or edges ; even when the best form has 
been given to a conductor, its tension gradually diminishes ; i. e. 
it suffers a loss of its electricity, and after some time it resumes 
its original condition of quiescence. This toss ia owing to the fact, 
that no absolute non-conductor eiists (§ 468.)- those bodies to ' 
which this name has been given, do but retard in various degrees 
the escape of the fluid. 'Die atmosphere exerts the most power- 
ful influence on a body's conducting properties, as it is in imme- 
diate contact with every part of its sur&ce; the moister the 
atmosphere, the more rapidly does it convey away the electric 
fluid. According to Coulomb's investigations, the loss Is equal in 
equal times, the condition of the air remaining the same, and die 
greater the electrical tension the greater the loss ( when the 
tension is but (ceblc, bad conductors act nearly as well as non- 
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eiperimcDta, the repulsive force of the electricity was pro- 
portioiul to a tension of the wire of 370°. After the Upae 
of one minute, the (eTuion bad to be lenened S9 to obtain 
■n angle of (he same defleiion, so that the repulsife force 
now answered to an angle of 264°. The mean quantity of 
electrioity vax consequently proportional to the magiulude 
'""^^^ = 267°; and hence the lost of electricity for 1 

minute answeiins to these 6°, would be ~— - •> — — , The 
^' 267 44-5 

mat electrician found, when the atmosphere was in a dry 

state, that the loss of electricity was less, being in 1 minute. 

from ^th to ^th ; whereas when it wa^ moist, the lots oflen 

amounted to ^th of the mean tension. 
'Oie fVee electricity in conductors is also transmitted by conduc- 
tion to other similar bodies, and iu this transmission the following 
law has been observed to obtain ; — let a and b be two insulated 
conductors of equal siie and of similar shape, and let a only be 
electrically excited ; aflei contact, they will each possess an equal 
tension, vii. half that of a beforecontact. If before contact, their 
electricities had been equal, but of oppoute kinds, they would 
both be unelectrified after contact, for each conductor wotild have 
Imparted half its own electricity to tbe other, so that both con- 
tainiag an equal quantity of-)- and — electricity, a stale of quies- 
cence would be brought about. Neit, if o and J were electrified, 
but unequally, either both similarly or both dissimilarly, after 
contact, their free electricity would be so distributed, that their 

before contact; if dissimilarly, it would be equal to their dif- 
ference; so that if tbe intensities of their tensions be eipressed by 
a and b, then in the first case the common tension would be 
, and in the other ^ — Again, if the superficial con- 
tents of the conductors be unequal, tbe quantity of electricity 
liberated, distributes itself in proportion to the extent of the 
surface. Lastly, if only one of (he bodies a be insulated, and the 
other b be connected with the ground, the electrical tension of a 
would cease immediately that it touched b. As a connexion is 
established with the earth itself, the free electricity is conducted 
to it so as to be equally diffused over the first conductor and 
over the earth; but as the latter presents an infinitely large 
surface over which the electric fluid accumulated on the former, 
may spread itself, the tension of the conductor is infinitely re- 
duced ; i. «. it is detlroyed. 

The law which regulates the conduction of free electricity 
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■I given above, nay be verified wilfa suffinent aceuracj bj 
meuu of two equal electrometers Rtted up on Bnnde's 

principle. (See ^ 4S0. fy. 1 55.) Strictly tpeakiug, the in- 
tensity of the electricity imparled to sucb an electrometer 
ii not equal to the augle of repulsioD shovn by the stravr on 
tbe quadrant, but the diflerepce may be neglected when the 
angle does not exceed 400. We ni«j therefore assume that 
a deflection of 20° or 10° respectively ansTers to a tension 
\ or ^th as strong as that which causes a deflection of 10°. 
To prove, however, the eiact equality of tn-o snob electro- 
meters, give to one of them a cha^e which will deflect the 
index, say 40°i bring its ball e in cooUct witb that of the 
otber, and observe whether the indices of Ibe two iostru' 
ments point to an equal degree of deflection ; if this is not 
the ease at first, a little correction of tbe straws will make it 
light. The following experiments will prove tbe cases given 

i%'it Expt. Give to an electrometer o, a certain electri- 
city, and touch the ball of the unelectrified one b, with that 
of tbe otber. The straw index of the electrometer a will « 
Ml about balf the number of degrees, whilst that of the 
second b will be equally deflected. Separate the electro- 
meters, touch one of them so as to carry oflf its electricity, 
bring them together again, and the same pbenomenon will 
be repeated. 

Second ExpL Impregnate both tbe electrometers un- 
equally with the same electricity, and establish contact 
between their balls. The straw index of a, that which bas 
been the more powerfully electrified, will sink ; that of A, on 
the contrary, will rise, so that both acquire equal d^ees 
of tension, which indeed will he the arithmetical mean of 
the number of degrees shown hy the indices before contact. 
In this instance, sJso. equilibrium is estabUshed. 

TAird Expl. Impart to tbe electrometers, a and h, equal 
quantities of dissimilar electricities, so that the straws may 
statid at an equal elevation, then bring their balls into non- 
iact, and they will immediately All to lero, because the 
eqtial quantities of opposite electricities neutralise each 
other. 

Fonrlh Erpt. Impregnate the dectrometers a and h witb 
unequal quantities of dissimilar electridties, and bring their 
balls together. Tbe indices will immediately after contact 
pcnnl to degrees which will give the arithmetical mean of 
the diSbrence of their previous tenuous. 

Eiftk Expt. Lastly, electrify the electrometer a arbitra- 
rily i bring it to i, which is connected with the ground ) as 
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Noii-conductars, by virtue of the opposite properties (§ 46S.) 
pouessed b; Ihem, act v«ry diHeFently in the eotiduction of elec- 
tricity. Tbey can indeed be rendered electrical b^ that means, but 
only at those points of their surface which are in actual contact 
vilh the clectrilied body. The electricity thus imparted to them 
is transmitted no fiirther, or if it be, but slowJy along their 
surface; the fluid adheres with a degree of constancy to the 
points of contact, so that these bodies remain electribed for a 
length of time even after they have been Uiuched by a conductor. 
An opportunity will presently (§ 493.) present itself of eiperi- 
menuilly verifying this assertion, and we sfaall at the same time 
prove that there ia a difference in' the form of the two species of 
electricity. The non-conducting property of these bodies is im- 
paired by coating them with any conducting substance : the 
thicker this coating, (he mote nearly do tbey resemble conductors; 
if tbe coating be sufficiently thick, they acquire the distinguishing 
, property of conductors (§ 468.), and prove the correctness of the 
assertion, that free electricity reddes only at the surface of a bodj- 
by transmitting their electricity to tbe surface of tbe conducting 
l>ody with which they are in contact. 



If an insulated conductor be placed in lAt iiicuiify of an elec- 
trified body, tbe latter will act upon it and produce in il a stale 
of bipolar electrical tension. The body thus rendered electrical 
hy the mere presence of an electrified body without contact with 
i^ is said to be tUetrifitd by iadaction. (§ 4T8. ) The pbenoTnena 
to be observed with regard to conductors thus rendered electrical 
are the following : — 

That part of tbe conductor nearest to the exciting body has an 
opposite electricity to It, and the part more remote has a sloiilor 
electricity. Between these eitremes b a point where the conductor' 

' The ftllnving simple apparatus loay serve to illustrate 
this law. The conductor consists of a copper wire a 6, Jig. 
I5S., about jofan inch thick, and trom S to 10 incheslong ; 
this wire, which serves for the indueUon of the electricity, 
is rounded at the ends, and it is insulated by means of the 
glass rod cd,by which it is attached to tbe upright tl. 
Small pieces of straw are to be ^tened at intervale on this 
Todi especially at the ends and at the middle, these if bung 
so as to move easily, will serve as so manj electroscopes. 
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Fig. 158. The eleatrlGed substance, by means of 

nhich the electricity is to be induced, 
nmy be a pie«e of resin, which if rubbed 
briskly with s piece of cat's skill, be- 
comes electrified, or * Leyden jar (§ 
487.), which has been charged with 
either + or — electricity. These pre- 
paradoDs being mode, the following ex- 
perimentB may be perfbnned : — 

Firit Eajit. Place the insulated con- 
ductor, as the electrical pendulums hang 
perpendicularly, just over the eicitcd 
resin, or the ball of tbeLeyden jar, and 
you will see ; 

1. That the pendulums attached to 
the conductor are repelled from it ; con- 
sequently the latter is electrified. 
_ 2. The deriation of the pendulum is 

i- " "'" " J greatest at the ends of the conductor ; 

it diminishes towards the middle, near 

which there is a point where the electroscopio pendulum 

3. By means of a glass rod, or a stick ofseaLog-wai tiiat 
you have rubbed, eiamine the electricity of the dive^ent 
poles, and you will find, if the inducing body bas -i- elec- 
tricity, that the end of the conductor neat to it has acquired 
— electricity, and the remote end -f . Had the inducing 
substances been — electrified, these circumstances would 
haia been reversed. 

effects may be thus explaioed : — The inducing body, which 



suppos. 



elect 



cal t 



to itselfa portion of the — electricity of the insulated conductor 
that is brought within the range of its influence i the — elec- 
tricity will therefore became accumulated at that end which is 
naarest to the + electrized body. Tbe dmilar + electricity, on 
the contrary, is repelled, and conceotratea itself at the end farthest 
from the conductor. The whole of the — electricity of [he con- 
ductor would have collected itself at that spot, did not tbe 4 
electricity it contains attract the negative particles near to it; 
the electrical tension is therefore the more intense the nearer 
the conductor is placed to the eiciting body. Towards the 
middle of the conductor the antagffliist forces of the two elec- 
tricities will cancel each other, and a slate of quiescence will be 
established. 

Thiistateof polarity In the conductor is destroyed by removing 
it beyond the electrical atmosphere of the eiciting body, without 
touching it, so as to carry the fluid off by conduction. Tbe ± 
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electricities combioe, uid tlie conductor recovers its state of 
neutrality. 

Second Bxpl. Proceeii, as we have described above, with 

both tliebodieB,Tli. with the iDEulated conductor {ab,Jig. 1 58. ) 
. and the jsi A ; the return of the fbruier to its state of indif- 

feretice will be evident by both the pendulums falling down. 
If the conductor, whilst id a state of induced electriinty, be 
touched at any point whatever, it will lose the electricity of the 
same name with that of the inducing body ; but the dissimilar 
electricity at the end nearer to the eieillng body will be in a state 
of greater tension. Tbis phenomenon bus caused the first elec- 
tricity which is carried off lo be called /r«; whilst the other, 
which is retained by the opposite electridty of the inducing body, 
is said to be latmt. Remove the conductor in this state beyond 
the action of the electrified body, and it will agun appear electri- 
cal, the whole of its surface being electrified with the opposite 
electricity to that of the inducing body. The electricity held in 
a latent state in the conductor by the action of the other body, 
is again set free, and spreads itself over the whole surfece of the 

Third ExpL Touch the conductor (a b,fig. lS8.)with your 
finger, at any part of its surface, and the pendulum 5 will 
sink, whilst that at a diverges still more widely. Place the 
two bodies apart, and all the little pendulums attached to 
the body in which the electricity has been induced assume 
an equal divergence ; and if the character of the electricity 
be tested by means of an excited glass rod, or stick ofsealing- 
wai, it will be found to have an opposite polarity to that of 
the eiciting body : as represented in the figure, Che whole 
of the conductor wouid be negatively electrified. 
From what has been now advanced, it is clear that import- 
ant difierences exist between induced electricity and electricity by 
conduction. Fori.) Induction occasions no tranimisaion id' the 
iree electricity to the other body, and consequently no combination 
of tbe±electri<ntiea, such as obtains when electricity is eicited by 
conduction ; but th« free polar ibrce in the dectrical body exerts 
a tendency to combine wii its opposite electricity in the body on 
which its inductive influence is eierted. 2.) The distance at 
which electridty acts in this manner greatly exceeds that at which 
it acta by conduction ; tor in the latter ease it is necessary that 
absolute contact should be established, or, if the tension of the 
free electricities be very great, there may be an interval between 
the two bodies, if it be so small that the -f electricities can tieu- 

duction always produces the dissimilar, but conduction produces 
the similar, electricity to that of the electrifying body ; I'.s. all 
bodiea within the sphere of a positively electrified body's influence 
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ore negatirely electrified, such is are within the atmosphere of a 
negatiTely electrified body ate po»tite. 

Thus, although an electrical bad;, acting by induction oa 
another, luiUins no loss as to the qusntit; of electricity it con- 
tains, jet the intensity of its electrical tension is materially modi- 
fied whilst it is in a state of polar actiTily. The intensity is 
lessened by just that amotint of the tree polar force whi^ is 
engaged in attracting to Itsdf its antagonist force ; and hence tbe 
body is enabled to diaw atlll fiirthei supplies of electricity from 
the other body from which it has already derived some by con- 
duction. In other words, daring the process of induction abody 
acquires an additional caparity for receiriog fresh electricity, the 
density of which increases in proportion to the quantity added. 
On the mutual relation which thus obtains in bodies electrified 
by induction, depends the construction of those important instru- 
ments which serre to condense electricity and to increase its 
power. A full description of these will be found in g§ 4SS— 490. 
The bductive infiuence of electricity obeys the tame laws io 
conductors not insulated as In non-conductors, but in tbe former 
eflects are not apparent, »a they are neutraliied by the con- 
ation ofthe body with the ground, whereas, io non-conductors, 
! influence is extended to but a small distance from the electri* 
fjiing body; the resistance to conduction is, of course, the obstacle 
'1 progress. Beyond these limits an alternate 
is found, several zoiwi of induced electricity fol- 
r, of which, each succeeding one lies within the 
electrical atmosphere of the preceding, hut as tbe distance from 
the original point of eicitation increases, the lones become 
weaker and weaker until they entirely vanish, agreeably to the 
' r which regulates the decrease of electricel influence. 

The process of induction may be advantageously applied 
to (he use ofthe electroscope and electrometer, if the iasthi- 
ments, like Becqu^rel'sand Oersted's, are sufficiently delicate 
for the purpose. When brought near the electrified body 
the; are excited, and the elcctroscopic suhslances diverge 
agreeably to the law of induction, with the electricity of the 
exciting body. Whilst tbe instrument is in this state lay 
your finger on the conductor, the tree eleclridty will be car- 
ried off, and the dectroscopic substances will no longer ap- 
pear to he affected ; but if ^e finger be wlthdravm, and ths 
body, whose electricity you are testing, be also removed, the 
electrometer will again show itself to be in a slate of eicil«- 
ment, but with the opposite electricity to that of the body 
under investigation. This may be proved in the manner 
which has been already explained several times. The elec- 
trometers named above, and also the torsion balance, will be 
rendered additionally sensitive, by imparting to them b 
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them. If the diiergence of Che indices be increased by this 
means, the body has the like electricity to that previously 
impacted; but if Iheii divergence be diminished, tlie electri- 
cities are opposite. In Becqulrel's electroscope, the mo**. 
ment of the gold leaf toiraids tbe opposite column shows 
instantly tbe electrical state of the body under eij^mination. 
To render Oersted's electrometer ( fig. 1 56. ), in this respect, 
as perfecl as Beoqu^tel's, Dellmann proposed to add a second 
conductor of the induced electricity. To efieet this, the 

Tied through the centre of the foot ofthe instrument. To 
electrify the first conductor and the strip of metal dt by 
ioduction, two horiiantol arms, h r and kl, are carried from 
A at a distuice of about 1 line below the circular graduated 

m. By turning the part r* of this tonduotor beneath the 
foot of the apparatus, the upright arms no and f m can be 
placed at any distance whatever from the arms g K and A i 
of the electroacopic needle. Convey a very minute quantity 
of either 4- or — electiicity to this induction conductor from 
(he cork ball », and the strip of metal will thereby be in- 
stantly electrified with the opposite polarity, the index being 
repelled by it, takes a position (answering to the + electricities 
simultaneously acting upon it) between the strip of metal de 

Screw a condensing plate a on the firsl or prime conduclot, 
induce in it the electricity you wish lo eiamine, and a cor- 
responding movement of the needle will ensue if there be the 
least trace of electricity. 
The law of induction, ivhich we have developed in the pre- 
ceding paragrapbs, is highly important, as it enables us to ei- 
plaiu most electrical phenomena (and as we shall see presently, 
not merely those which are connected with electricity by triction) 
»nce induction is the first effect produced by an electrified body 
OD any other that comes within the sphere of its influence. But, 
for induction, there would be no electrical attraction or repubioni 
for as soon as an unelectriiied moveable body is attracted by an 
electrified one, it is not the bodies themselves which eicite tbls 
action, but tbe polar forces of the + electricities which are called 
into activity by the induction. The same may be said of elec- 
tricity by conduction, for, before tbe tree electricity of one body 
it transmitted to another, the former baa already effected in the 
Utter the induction of its neuttal electricity, and attracted to 
itself that which is of opposite polarity to ita own. When these 
anlagonisi influences have been eqodiied, the tranimis»on or 
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conduction of tiie lurpius free electricity (§ 482.) takes plaee to 
the oiiginBll; unelectrilied bod; ; both arc, according);, sinntlsTly 
electrified, and mutually repel euh oLher. 

B. H^ Eltttrieal Mteiiift, iti Mode of Action and Uta. 

§ 484. 

In the fundamental eiperimenis hitherto deacribed, we required 
but small (|uantitie« of eleciricity and of moderate intensity to 
illutlrate the lairs of dectileal tension ; but if we deiire to become 
more intimately acquainted with these effects when produced by 
large quantities of free declrieily of high lensicm, we must adopt 
means, not merely for eliciting a large supply of the fluid, and 
for retaining It for a length of time, but also fi>r collecting and con- 
densing it when obtained. The most convenient mode of eicite- 
ing it is by friction, and Ih^ quantity of electricity thus elicited 
depends on our employing the most suitable substances for the 
purpose, and. especially, on the extent of the rubbing surfaces. 
Now, to collect the electricity thus set free, and to impart to it 
the requisite degree of tension, we must have bodies on whose 
suriiice it may be easily diffused and condensed. To accomplish 
the former of these objects we use non-conductors, to secure tbe 
latter we employ conductors. 

The apparatus contrived on these principles to develope a Urge 
quantity of electrieilj of high tension is called an eltdrical ma- 
chituu It consists of three principal parts, viz. 

1.) A non-cmiductoTt by tehieh friction may be excited ; this is 
generally of glass, presenting a large sur&ee, and having some 
contrivance ailached to it, by which a continued rotatory motion 
may be imparted to it about a fixed horizontal aiis. 

3.) A substance, gainst which it may be rubbed, called the 
rvbber, cori^isting of a solt, elastic body, of low conducting power, 
which fits close against some part of the sui&ce of the first-named 
iHin -conductor. Whilst the non-conductor is turned round, the 
friction' decomposes the quiescent electricity in the two bodies; 
the one, therefore, becomes -i- electrified, and the other — . If 
the non-conductor be, as it generally is, of glass, it is positively 
electrified, and the rubber negatively. 

3.1 Tile condtidoTs, two insulated hollow cylinders, ofhigh 
conducting power, made commonly of metal, and placed on glass 
pillars. These conductors are rounded off at the ends, one is in- 
tended to receive the positive electricity of the glass, and the 
other the — electricity of the rubber. 

The cylindtr machine is that which is most generally 
adopted ; it derives its name irom a hollow cylinder of gloss. 
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pimced boTiiontall;, and turned about on its tiii by means 
of ft handle : immediately under it ia the rubber, vhieh 
coTeiB trom J to ^ of the gurfsce of the cylinder, against 
wbich it is pressed by a »teel spring. That the electricity 
set iiree in the cylinder dur' ' ' ' 
in die ut, a piece of »lk ii 

veys tbe electricity it carries offfrom the glass. To collect 
the electricity set &ee in the cushion, the latter must be in- 
■ulated upon glass legs. 

The conductor, vhich is intended for the reception of the 
electricity from the glass cylinder, is called the poii^H coH- 
(hictor. Its form, as has been stated before, is commonly 
cylindrical, and its positioa is generally horiiontal, so as U> 
stand at right angles with the axis of tbe cylinder. That it 
may receire the electricity front the whole surGue of the 
gkas which is subjected to friction, one end of the conduclOT 
stands exactly over the middle of tbe cylinder^ baring ■ 
smaller metal cylinder connected with il, the latter going 
lengthwise along the cylinder, and being furnished with 
teeth or points that nearly touch the surface of the glass. 
Tbe conductor of the cushion, when the machine is fitted up 
with one, i> called the jugative amdvctar; it generally con- 
sists of a large hollow metal ball, immediately connected 
by a wire with the cushion or rubber. Fig. IS9, repiesenta 




n electrical machine, with all the parts we have just de< 
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■nribed; G G is the glaia cylinder, R therabber orcushion, 
with the piece of silk 8, + C is the poaitive, and — C the 
negatiTe conductor, gggg are the glass legs on which it is in- 

In the pbto-flucAtiu, as its aame indicates, a plate of glass 
is substituted for the cylinder ; an aiis passes through its 
centre, the ends of the aiis rest in two soclEets in two up- 
right pillara, betweeD which the plate is tnsde to revolve b^ 
means of a handle, which fattens on to the end of the axis. 
The cushions, against which both sides of the plate inb, btu 
so filed between the vertical pillars, that they are pressed 
oppoute to each other against it. These cushions are also 
provided with silk flaps, which fit close to the suriace of the 
glass. The handle by which the circular plate is turned 

usting of two arms having at their ends small toothed cy- 
linders, which come ckae to the surface of the gloss. If 
these machines are fitted up with a negative conductor, the 
simplest plan will be to place it above the two upright 
pillars which support the machine. This conductor consists 
of a hollow metal ball, which must be connected with 
tlie cushions. Fig. 160. repreaetiia a plate electrical ma^ 




Cylinder macbineB with equal area of sur&ce, exposed V, 
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friction, lake up less room Ihan plate machines, but tlftn il 
is onlf their outer surface that is aiaiUble; cylinders are - 
also much cheaper, leas readily broken, and the construolioo 
of the apparatus is altagether more slmpte ; for which reasous 
they are in more general use than plaie machines. 

principal parts of an electrical machine, that 

Theglais cylinder, or plat*, is the part on which principally 
the effectireness of the machine depends. It has been found 
by direct eiperimrait, that all kinds of glass are not equally 
adapted to p«e out electricity. The best glass is that 
which is the whitest, most transparent, the hardest and 
freest from bubbles, and which contains a large proporuon 
of^eT. It has also been ascertained that it should not be 
too thick, in order that the fluid may be quickly eicited. In 
consequence of the properties of the glass, many machines 
are remarkably etFectire. In Baumgartner's Zeitschr. f. 
Phys u. Matbem. III. 439., mention is made of a plate- 
machine constructed by Pfister, of Vienna, which possesses 

plate, which is of Venetian glass, is ZS Par. inches (30 Eng- 
lish inches) in diameter, and S lines in thickness. 

The cushion is also an imporUnt part of the machine, as 
on its nature and construcdon depends the leadjness with 
which electricity is elicited. It consists of a linen cushion 
of convenient length and breadth ^tened to a piece of 
wood, it is generally stutTed either with horse-hair or with 
metal filings. The requisite degree and the uniformity of 
tlie pressure on the surface of the glass depends on ibis 
cushion, to secure which a steel spring is generally placed at 
the back of it. The neutral electricity of the glass is most 
rapidly resoWed by the aid of the amalgam, the mode of 
preparing which has been already described at length, 
(g 483.) It is generally pulverized very finely, then mixed 
with a little hog's lard, and spread uniformly on a piece of 
washed leather, which is fastened on one side of the cushion. 
I have found the most effectual method is, instead of using a 
piece of leather at all, to spread the amalgam pretty thickly 
on the cushion itself, and then to cover it with a piece of silk, 
so that the amalgam may not he in actual contact with the 
glass ; a sufficient quantity will work, through the silk, when 
the glass presses against it. By this arrangement you avmd 
the inconvenience of smearing the glass, which inevitably 
impedes the development of the electricity. One important 
qualification of the rubber is. that ihe surface on which the 
amalgam is placed should carry olf as quickly, and com- 
pletely as possible, the electricity elicited. To effect this a 
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piec« of copp« or tinroil of the laiiM site ai tiie'cudiian, is 
hilt immedlatel; under tbe surraci:, coaled vith amBlgam. 
If the cuibion Ustuffed with melal Glingi. tb is arrangement 
ii Dot required to cury oB'the elE«tricit]r. 

The conductors which are intended to receive and ac- 
cnmiitale the electricity which the friction liheratea, should 
b*>e a pioi conducting surface, and their siie should be ia 
proportion to the quantity of eiectricity thej will have to 
receive. The best are made of plates of bnii or copper : if 
of wood or paper they will be cheaper, but lest cQective, even 
when covered with tinfoil or ailiei leaf. The mHt con- 
venient tbnn, at least for tbe ponitivc conductor, which is tbe 
one in most frequent use, is that of a long cyliadcr. That 
the accumulated electricity may not readily escape into tbe 
ambient air, a conductor should not have any sharp edges or 
points. For this reason its ends are hemispherical. (§4113.) 
The points ^n the lesser oonducCor serve to carry off the 
electricity more quickly from the glass than it would otbef- 
wific pass, it is thence transnaitted to the prime conductor 
which is inaulated by being supported on a glass pillar ; the 
inaulalion is renilered more complete by washing the glass 
met with a solution of shellac. 

Tbe invention of the electrical madiine is usually attri- 
buted to Otto Von Guerieke. The electrical body be used 
waa merely a ball of sulphur, which was excited by IrictioD 
in the band. Tbe ball was provided with a handle that it 
might be turned about with greater rapidity. Glass balls 
were aftervards substituted for those of sulphur, then eyliu. 
ders, and lastly plates of glass were used. The important 
addition of a cushion was made by Winkler ta his cylinder 
machine, which Wilson atill further improved by giving it a 
conductor. Since his time no mote parts have been added, 
although these three have been variously combined and 
modified:. The most famous machine eier constructed, both 
on account of its nie and performance, is that which Cuth- 
bertsou made under Van Marum's directions, for the 
Teylerian Mnseum at Haarlem. It is a plate machine, 
baring two plates of glass 65 inches in diameter, it has 
8 cu^ions, and Its conductors present a surface of S3f square 
feet ; we shall have occasion to speali of this machine agaiu 
presently. Hie machines «e have described at length are 
tliose which are most eitensively used, others have at diffe- 
rent time* been eanstructcd possessing some peculiarity in 
. form, or in the nature of the bodies, by whose friciion tbe 
electricity was eicited. For further details of these various ' 
instruments, we must refer the curious reader to Cuthberl- 
■wd'a Cavallo's, and Becqaerel's works on the subject 
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All llie e^ti or electrical tCDuon hitherio described, may be 
produced much mare plainly, and in a higher de^ee, by meana 
of an electrical machine, than in the fiindamental eiperimenta 
, glYeQing479. 

Insulate both the conducton of a machine, and after the 
cyliadcT or plate has been turned round s lew times, they vill 
both be in a state of high electrical teniion, as a quadisnt elee* 

would immediately ihovt the conductor in connei ion with the 
gUs9 ia positively electriGed, that which is connected vith the 
cushion is negatively electriSed, as may be easily seen by ap- 
plying the tests already described. In this state of tension, both 
the conducture will attract unelectritied bodies held at certain 
distances from them, and then repel Ihem. So their inductive 
influence may be obseived on electroscopes at a considerable diii. 

A thread 6 feet long was drawn 6 inches out of the peiw 
pendicular by Van Harum's great plate machine at a dia. •• 
tance of 33 feet from the conductor, and the lulls of one ot 
Cavallo's electroscopes diTerged ) an inch asunder when 40 
feet from it. 
During the revolution of the machine, a luminous appearance 
is very perceptible, accompanied by a cmckling noise ; and small 
sparks are visible in those patU of the cylinder or plate which 
arenotcoiered witb the silk flap. 

If the face be placed near the excited bodies, a sensation is 
distinctly fell, as if spider's webs were being drawn across it; 
and very shortly after an electrical machine has been ui use, the 
phosphoric odour is strongly perceived. 

If .both the conducturs be insulated whilst an electrical 
mschine is worked, ihey will acquire only so much electricity u 
equals the quantity of quiescent electricity which is decomposed 
by the friction of the glass and the rubber. In proportion as the 
free electricity transmitted to the conductors is dispersed in the 
ail, the intensity of the electrical tension diminishes. To obtain 
tram the machine a permanent supply of electricity in a high 
state oftenuun, it Is necessary therefore, that one of the bodiea 
which are rubbed together, should be kept in a state of electrical 
quiescence, which is accomplished by connecting it with the 
earth ; if we desire to obtain positive electricity, we shall connect 
thecushlon with the ground, ifnecative, the positive conductor. 
Generally speaking, for ■ . ■ 
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The electricity accumulated in the conductors Tn»y be trans- 
latter are immedUtely connected with the conductor, or are hel4 
at some distance Irom it. . In the lirst case, the free eleciricitv 
which is tcansmilted (o the conductor passes on without an; 
perceptible mark to the body connected iritb it. and the bodj ii 
then in the conditiDu described in § 4S3, : that ia toaaj, ifa dod- 
conductor, it ia eleclrlfied only at the poipts of contact ; ifa con- 
ductor in an insulated poutlon, its whole aur&ce is electrified ; if 
a conductor not insulated, tlie electricity transmitted to it in- 
stantly escapes into the ground ; so that neither it nor the con- 
ductor manifests the least presence of free electricity. . The 
correctness of tbe above remarks may be easily tested by the 
fbllowing eiperiments: 

Firil Expt. Touch an electrified conductor with sonie 
point of a non-conducting body which you have previously 
marked, test the non-cond uFtor by means of an electroscope, 
and you will find it electrified only at the point which bad 
been in contact vitb the conductor. 

Stcimd Expt. If a person stand on an ixttiinting ilool, i, i. 
on a wooden stool with glass legs, and place one hand on the 
conductor of an electrical machine which is set in action, a 
person so placed being an insulated conductor of electricity, 
will be electrified in precisely tbe same manner as the prime 
conductor of the rtiachine. > 

Third Expt. Connect the rubber with the ground, and either 

suspend a chain or lay your hand on the prime conductor 

while the machine ia being turned round, and the prime 

conductor will show no mark of free electricity, which will 

howeyer be developed immediately on removing the b^d or 

the chain. 

But if a body be brought gradually towards the conductor 

while in a slate of electrical tension, the conduction of tl;e elee- 

tticity will take place, even before contact happens, with a spark 

attended with a crairkliuj; noise or a report. The Ingth of the 

spark is tbe greatest distance at which an object can.be held 

from tbe prime conductor in order to elicit aspark. This species 

of conduction may be explained by referring it to the inductive 

.influence of the conductor on the body which is moved towards 

it J tlibst parts of each which are next to the other, sa they are 

brought nearer and nearer together, ac<]u ire so violent a degree 

of electrical tendon, that at last the resistaDCColTered by the in- 

terveaing stratum of air ia overcome, and a spark is elicited by 

the combination, of tbe + and — electricities i the length iif tb* 
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■park variM, being regalMed principilly b; tbe intPiuity of the 
eleettied teiuion knd the degree of resiaUnce nude b; the air ; if 
theiefore tbe lir be nrefied, the length of the gpark will be in- 
ereued. It u abo in some tnexute iDlieted bj the form of the 
ootaliguoui aurfece*; for if they ue flat, the; muit be made almost 
to touch beTore canduetiDn take* plose i but if the; be emntx, aa 
belli, then the longer the diameter tha ihoner the apark, but tbe 
greater its inlenulf ; if, on tbe oifaer hand, one or both of the 
conducting twdia terminate in a point, the pointa will beeome 
lumiDDUs at • canudenble diitance aaunder, and a continued 
aiiccesiion and neutraliutioD of the disnmilar tlectricitiet will be 

All that has Jutt been adianeed maj be eaaly veiiGed bj 
filing balU of various ata to the extremity of the poaitiie 
conductor, and presenting to them at different diataocea, 
metal balli of lariout diametera. The effect in rendoed 
more inteoie by connectii^ the body you ofter to the prime 
conductor with the cuahion. The emission of the electric 
fluid will be both heard and seen, if the conductor teiminate 
in a point, or if a painted body be brought near to it. 

When V. Marum'9 great electrical machine bad a 4. 
inch ball afEied to tbe end of its conductor, and a IS-inch 
ball was brought towards it, it emitted 300 sparks S4 incbea 
in length in a minute, the sparks being forked like lightning, 
and haling rays from 6 to 8 inches in length proceeding 
fiorA Iheir anyie*. 

Iliui will, perhaps, be the moat coarenient place fbr 
giiing a few useful rules to be obaeried in the performance 
of eiperimenti, that a well-constructed machine may act 
with the greatest poanble efficiency. 

If an electrical madiine haa been for some time umised, 
■II its patta must be first clean^ &om dust: the old 
amalgam must be scraped off the cushions, and a fresh 
coating put in iis place. Free the cylinder or plate from 
any amalgam that may be aticking to it. wipe the glasa with 
a clean cloth, haiing pieviouity washed it, if necessary, trith 
some spirit of wine. If the flap attached to the cushion haa 
become greasy, replace it with a new one. Carefiilly IVee 
tbe conductors from dust, and see that (heir aurface is per* 
feetly round and even, and that no aplinter or pcant ia to be 
found at any part of their aurlkce by which the electricity 
might be carried olT. Clean, in like manner, all the iniuU- 
tors of the machine, especially the glas pillan, to free them 
&om anything that might act aa a eonduetor. Lastly, 
eatablish a oonneiion with the ground in the manner 
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to in prepaiing the machine ittelf. Iti action will, after all, 
depend on the Btate of the atmoapherc. The drier the air tbe 
more favouTable for the performance of electrical npei'iDienUi 
bence, ai a general rule, they maj be expected lo (ucceed 

whentheviadisintheeaMornDTth. llie room too, in which 
;ou operate, nhould be dr; and free from smoke and vapour; 
faeticc the presence of a crowd of ipectators, aod the burning 
of many lampt or candlea is lerj prejudicial. For obvious 
reasons alt pointed object!, loose threads, and the like, should 
be lemoved awa; iiom the machine. As beat contributes 
maieriall; to sustain the efficiency of the mschine, you 
should place it in winter so near to (he £re, that at least 
the glass and eUHhions may be affected by the radiant heat ; 
if possible, the room should be dried by means of hot air, 
bath becaute this is the roost effectual method, and because 
tiie air thus warmed is remarkably dry. 



- When, as we have already seen, a quantity of electricity of 
high teuUDD has been accumulated in the prime conductor of the 
machine, yet it cannot acquire any considetable degree ofdenuty 
because of the tendency which free electricity baa to resume a 
state of quiescence, to which it will sooner or later return, as the 
insulation is more or less defective. To condense the electricity, 
therefure, it is necessary to put it in a condition which will allow 
the opposite eiectriolues to display their tendency to neutralise 
each other, without, however, actually comhlning: this is aceoin. 
plisbed by the procets of induction. The free disumilar elec- 
tricities attract and mutually bold each other In a latent state 
without comtnnation ensuing ( and hence, up to a certain point, 
tbeir density and tension are equally increased. 

Intbe explanation given {§ 4SS.) of the phenomena oF Induc- 
dan,wehave diawo that this effect tabes place under the influence 
of the atmoapheric air; we also noticed the condition of the bodiea 

leen inijuced. In the instance just 

sting substance which impeded the 
in of the electricities which were mutually atiracliie, 
wai the intervening stratum of air; but If we please, we may 
■ubstilute any oUwr non-conducting body, such as glass, resin, 
&e. proiided only that it be of such a thickness, that the induc- 
tive influence of the free electricities may penetrate with 
mifficient force. For thii purpose, two conductors, presenting 
each a large surfiwe, are employed : on one of them die + elec- 
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trioity, mi on the other Iha — is accuinuliited ; the two surfacea 
ve sepiTHtiHl by a non-conductoT, which relaina them both in & 
latent and condensnl state. A non- conductor equally covered in 
(fail iray with latent electricity, it said to be charged. 

The foUoiring fiindamenUl eiperiment, giyen by Fouillet, 
will illustnte the combination of el«- 
Fig. 161. tticity by induction through the me- 

r dium of non-conducting pUtei. The 
^ Tequlnte apparatut canusta of a thin 
glass plate, A A,fy. 161., (a thin plate 
' uf sulphur DT resin would do as well,) 
coated on both sides to within 1 or S 
inches of the fdge with tinbil aa,bb. 
To each of these coats, a small electrical 
pendulum, cdand ef, is attached i beia 
/i ) awire tennlnating in aball, whichaenea 

/ '\ as a eondnetor of the electricity. 

/ Expl. Electrify the metallic sur&ce 

/ I Si, by the conductor C, froib the + eon- 

' 1^ ductor of the machine, or by any other 

meani whatever, and the two pendulums 
ef and c rf will be repelled. The pendulum tf diverges 
with + electricity, in consequence of that electricity's ei- 
tending itself over the outer surface of the metal b b. The + ' 
electiicity spreading over that side of the metal next the 
glasn, acta by induction through the glass on the inner 
suifaceof oa: thus the neutral electricity ( +electricity) 
is decomposed ( the dissimilar kind, in this instance (he 
—electricity, is rendered latent, whilst the -<- electrtdty ia 
repelled, and the pendulum c d made to diverge with it. 

Now touch the coat a a with the finger, and the tree 
+ electricity becomes saturated with — electricity : and the 
plate a a is again in a state of indilTerence, whilst the 
— electricity held in a latent stale by the + electricity of the 
other coat 6 b adheres to the glass beneath a a. Now 
convey a new portion of + electricity to b b, induction will 
agnin take place on □ a i touch a a and conduct the + elec- 
tricity to b b, BO much opposite electricity will become latent 
on the two glass sur&ces, as the resistance of the glass in 
able to prevent from combining ; the plate A A is then said, 
to be chargtd. — The same result is obtained more quickly 
by maintaining one of the metallic OMtings in a state oF 
quiescence, whilst a continued stream of electricity is kept 
up on the other. This can he effected by connecting a a 
with the ground by a brass chain a L, and b b with the con- 
dtictor, while the niachine is worked. 
. When the plate has been thus charged, disconnect it with 
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Ac conductor and vilh the dround ; the pendulum c d will 
beat real, while i/vilt diTeige with the fiee-<- electricity. 
Ntnr touch the coal b b, the -t electricity is neutrtliMd and 
iu pendulum Uls i the pendulum cd of the other coat a a, 
meanwhile risinji; just as if new electricity had been imparted 
to it Its repolaion is, howeTei, owing to a quantity of— . 
etectricity being liberated answering to the + electricity 
orried olf from the coat bb. Now touch the coat a a, and 
tbe pendulum cd is depreaaed, while e_^of the coat 56 riseai 
repeat this again with 6 b, and the like phenomenon happens, 
and thua the glasi plate la gradually ditehargtdi i- r. the 
electricitlei which were held in a latent slate are neu- 

If the eiperiment last described be not perfbrmed aAer 
the conneiion has been brokea. yet you will soon aee ihet 
the pendulum of the coat b b, which diverges with the 
+ electricily, gradually ainka ; and that ofao begins limul- 
taneously to rise unlil both hsve acquired an equal direr- 
gencej then they both descend uniformly, until they toucli 
the metal plates, thus showing the plate to be discharged: 
in this caae the discharge baa been elTected by the gradual 
Ion of tbe electricity caused by theair. (§ 482.) Tfab pro- 
cen ia accomplished tbe more slowly, tbe drier tbe state of 
UK air. 

§ 487. 

Those important pieces of apparatua by means of which He 
can accumulate and candenae, more or less considerable quan- 
tities of electricity, ind of great intensity, are constructed on the 
principle We have Just been explaining, viz. that opposite elec- 

Fraii*tf«'« tlietrieal plalei and the Lej/denJaT; they difTer only in 
fonn, tbe prloelple on which they both act being the same. 

The electrical pUtes are merely glass plates of a square or 
oblong diape, coated on both aidea to within a little distance of 
th«r edges with tinfoil. 

The jars are what their name imports, and are covered at the 
bottom and up the sides to within a thort distance rf the edge 
with tinfoil. To convey the fluid to the interior of tbe Jar a 
brass wire runs through its lid, the upper end terminating in a 
ball, and the lower end, being divided into several fine point^^ , 
toucbes the luil within the Jar. These jara are superior to the ' 
platea as being more «onvenient to handle, and teaa liable to be 
broken, for which reasons they are generally used. 

Ajar of this kind ii usually charged with electricity irom the 
positive conductor, conveyed to its inner sur&ce by connecting 
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the ooixluelor with the wire by meaaB of m chain, md then lettiDg 
the nuuthine in motioo, or elie lij hotding the knob at the top of 
ita wire near the condactor, while the msehiiiB ii at work, lad > 
■ueoevioii of sparks from the conductor to the knob of the jar 
marks the jiatngeof the charge into the latter. The electricity thus 
conreyed to the interior of the jar by induction acta through the 
glass, filing the opposite electricity on the outer eoat, aiul re- 
pelling the timilar eleetrieity. If a jar be insulated it can receive 
ouly such a charge as equals the quantity of dissimilar electricity 
which can be rendered latent on the outer sur&ce : but if the 
jar he connected with the ground, the repelled electricity is eon- 
tinuou^y neutralised, and its decomposition and dissimulation 
continues till the intensities of the two electricities (of the + 
and — electriraties) are such as to orercome the reustance of the 
glasa when tliey will combine. 

TTie quantity of electricity which can be accumulated in an 
apparatus oF this kind is proportional to the area of the metallii; 
surGice, the thickness and structure of the glass being equal : the 
thinner the glass, or the more powerful the induction of the 
electricity through it, the greater the density of the electricity 
that osn be accumulated in it, or the more intense the chaise ; 
■ometimes the gloss is split, or a hole is made in it, when the 
condensed electricities overcome the resistance it offers to their 
reunion. To experiment with large quantities of electricity we 
employ an tleclriaU baUtrf, by which we obttdu a large amount 
ofsurhce. Such a battery ia generally made by combining a 
number of jars of a moderate aixe, their inner and outer surfaces 
being connected, so that it sets precisely as one large jar would 
vhoae metallic sur&ee was equal to that of the whole battery. 
The outer coatings are connected bj placing all the jars in a box 
lined with tinfoil ; tbcir inner coatings by connecting their knohe 
by means of bent wires. A battery is charged in precisely the 
same manner as a single jar i that is to say, a stout wire goes from 
the end of the prima conductor to one of the k^oh^ md the 
bottom of the bar is connected bf means of a chain with the floor; 
the ntaohine is then set in motion until the charge has acquired 
its Riaiimum tension : it will l>e known when this point has been 
attained, by a hissing noise proceeding from the wires connected 
with the interior of the jara, and if the room is dark by their 
luminous appearance ; or it may be ascertained by observlBg 
vhen the index of the quadrant electrometer on the conductor 
stands at or about 90°. 

If the outer and inner surfaces of a charged jar or battery be 
connected hy means of a good conductorr tbe accumulated and 
latent -t- and — electricities will combine and neutralise each 
other instantaneously, emitting at the same moment a spark and 
s report propoitioned to the intensity of the electricity. Tbe 
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Tbe Leaden jv, as it ii called, wn infeDlcd bj Kleist, 
(IT45,) dean of ill* ctwpterM CBinln,in Pomennia: inttead 
of tinfbl], the iiuide wa« filled wiih water, and for an outer 
eoadog, the wet hands vera used. A metallic coating wa* 
afinwardi lubilituted. Sometiniea inttead of lining the 
inude with tlnli)!], the jar ia filled with iron filingi. or 
tuniiiias> or the lHaaa is washed with Tamish, and iron Glings- 
aie ipnnkled un it. To render the inauUtion complete, the 
nncoremd part of tbe glass is washed over with a solution of 
■hell-Iag. 

Electrical batteries hare this adTuitage over jara of large 
dimensionH, that tbe;^ can be enlarged or diminished at plea- 
sure, byfomhininK a larger or anudlei number of jars, and also 
tbatthefractureof a single jar doffl not put a scop to the uae of 
the whole balterr, as would happen if one Urge jar were used. 
Their aiie may he Tery various, it will depend not on the 
number of the jars, but on the amount of surftce they offer 
vorered with tinfoil. The largest batteries ever made were 
thoae used with V. Marum's plate-machine (g4S4.)i one of 
these eoBsiated of i^S siagle jars, each bavii^ I square ibot 
of tinfbU ) it was contained in 15 boxes; another, made 
aAervards, consisted of 100 jars, contained in 4 boxes, and 
presented a metallic surface of 550 square feel. 

When a number of eiperiments are performed with jars 
or baiteriea in rapid succession, tbe intensity of tbe chsrge 
may be estimated hy the number of luriia made by the 
madiine; tbe usual mode of measurii^ is, after ell, by the 
length oftbt spark. Jo measure thia and ao at the same 
time the power of the machine, and also to obtain a number 
of suecessiie charges of equal intensities, we use Lant'i 
cAarpiaf-jar or tpark-mtaiurtr. It is a jar of the ordinary 
use. having a metallic surface of from ] 
aibot toafbot (j!f. 16S.), but to the con- 
ducting wire ob an arm c (f e is BtlBched, 
the b orison tel. part cd of which is of glass 
washed over with shell-lac ; the vertical 
part (f e is a brasa wire having a ring ati, 
in which a graduated bar slides, terminat- 
ing In a hall at o : on this scale the dis- 
tance of the balls, and consequently tbe 
length of the sparli, can be measured. To 
use this Instruoienl connect the end m of 
the bolt by means of a chain with the 
outer sur&ce of the jar you propose to 
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Kuai** ueiHOD or uAnruxo a chakok. 

charge. If the knobs o >nd b are placed verj near together, 
a nnall charge vill suffice to combine the + and - elec- 
trlcltie* of the inner and outer coatings, the inlerrening 
itratum of aJr being penetrated iiy the aperli ; but if the 
distance he increased, then a more powerfijl charge irill ha 
required before the spontaneous discharge will take place. 
If the same distaoce is maintained between the balls, the 
discharge will always happen when the same quantity of 
electricity hat been accumulated. To test the relative powers 
of two machines, you would place the balls at the same dis- 
tance, and that would be considered as the more powerful 
machine which discharged the jar with the least number of 
turns. Riess uwd this apparatus as a unit of measure for 
estimating the intensity of the charge of a battery. For 
this purpose he insulated the battery, and connected its outer 
surface with the ball 1> of a Lane's jar, consequently with 
the interior of the latter. line's jar was thus charged with 
the + eleclriclly repelled from the outer coat of the battery. 
The Qumher of the charges made by the jar, Riess took as 
the measure of the quantity of electricity which the battery 
had receifrd from the conductor of the machine. If the 
number of discbarges made by the jar be divided by the 
surface charged, the quotient will he the density of the ac- 
cumulated electricity. 

The following simple experiment will render visible the 
repulsion which takes place in charging ajar: — 

Firil Eipt PowderaglaMplaieoracakeofresio with 
semen lycopodii, and insulate the outer coat of a Leyden jar 
by placing il on this plale. You will observe as each spark 
goes from the conductor of the machine to the hall of the jar, 
that the dust lying on the plate of glass is repelled in rays 
from the periphery of the outer coat of the jat. 

In like manner, several jars may be charged by a nngle 
one in connection wiib the conductor of the machine, the 
electiicity driven off from the outer coat of each jar effiKiling 
the charge of the next, each of the jars being properly in- 
sulated. The fullowing eiperiment will illustrate this : 

Secwd Bxpt. Flacetha jar A(;!ii. 1l>».)on a plate of 
glass or Indian -rubber, so that its knob shall be about ' 
1 inch or 11 inch from the conductor. Insulate the jars B 
and C in like manner by standing them on plates of glass, 
b and e. and bring their knobs as shown in the diagram 
within about 1 inch of the outer coat of the preceding Jar ; 
against the outer coat of the last jar C place a conductor D 
not insulated. When a spark is emitted from the conductor 
of the machine to the knob of the jar A, there is emitted a 
apark between the outer coatt and the knobs of the o^er jais. 
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catued by the + electricity irhieli la repelled, lod the con. 
dncting bodj D recei>ea nmultatieously the electricity re- 
peHed by C, and eoimyi it air&y into the ground. 

Jan ire coTnmonly chirged with + electricity ; but if it 

is wished to charge tbem with RFgative electricity sad the ma. 
chine hu such a conductor, it ia merely necessary to present 
them to the negative conductor instead of to the positive! but 
in that case the cushion must not ba connected with the earth, 
but in its place the positive conductor must be (o connected. 
A jar may even be charged with negative electricity at the 
poailive conductor by holding it by the wire whirfi has 
a knob at ita extremity, and receiring the spark on the outer 
coat of the jar, or the jar may be insulated, and ita outer 
coat be presented to the conductor, and ita inner one be 

without fiirtber expUiuition that ~ electricity becomes ae- 

As has been already itated, the discharge of a jat or battery 
by means of a good conductor ia attended with the emission 
oF a strong spark ; the discharge may, however, also be ac- 
complished gradually by means of a bad conductor. Alter- 
nately toucb with any conducting body the iniide and the 
outside of an insulated jar or battery that has been previously 
charged, and each time you will perceive a teehle spark of 
firee electricity from each coating. Iliese sparks become less 
and less distinct until the electticities accumulated both in- 
side and outside the jar are neutralised, and the diieharge is 
completed. A jar may also be quickly discharged by pre- 

koob of the wire that la connected with it, any metaltio 
point or a piece of touchwood. The atmosphere also effecta 
a discharge whose rapidity depends on the moisture of the air. 
Hence are deduced those precautionary rulea whicb must be 
observed in the performance of electrical eiperiments, so as 
to avoid a needless expenditure of the accumulated elec- 

If several conducting bodies be presented at once to a jat 
oi battery, it will diacborge itself by all oF tbam, in propor. 
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tion to their mpectin emdueting poven ; hence, ■ loaded 
jar ma; be ditcharged with botb handa without any Terr 
KD^ible effect, by holdiDg a chain in the middle in the two 
hands, and dlHcllarging the jar by the enda ot the chain 
paned between the ilngen. 

Sometimes it happens, that danng the pToeess of charginjif 

■ jar OT batter;, it will spontaneously discharge itself; Ibis 
it will do through the gLau at some point where it la unable 
to resist the tension of the anlagoniat electricities, which, in 
their paoage through the gUas, are oecasionelly found to 
make a hole through its substancB. A jar that baa been 
thus damaged is useless for electrical purposes afletwards. 
A apontaaeoua discharge does not necescarily cause a jar to 
be pierced, if the stratum of air separating the inner and 
outer ooatings be penetrated by the spoik, which will hap- 
pen wheneier the distance betweea them ii leal than the 
length of the spaik answering to the charge at that moment 
contaiued in the jar. 

The following pieces of apparatus are used to efi^t the 
easy and safe discharge of jars and batteries : — 

1.) Tlu msDBaa difcAor^, which is merely aglasa handle, 
at the eitremily of which ajre two bent wires terminating in 
knobs. They are provided with a sort of binge, to admit of 
tbeir being opened to any canreniant width. When a jar 
is discharged, one knob is brought to the outer coat and the 
other is made to approach the knob of the jar. To discharge 

■ battery, biteo the ch^n connected with the lining of the 
bui to one knob of the discharging rod, and bring its other 
wm towards some conductor that is connected with the inner 
coalings of the battery. 

S.) floJsy'f umvtnal dueharger {fig. 164.) consists of 
two copper wires ab, which are insulated by being placed 
on two glua pillani these wires oan be moTed&eelyiu 
Fig. 164. 




tbsir sockets, and set at any particular distance agiui, •» » 
to conrey the charge through any object Isid on the little 
table t. The ends b are generally in the form of lings, for 
the aake of banging ehuni totluon; the knobs at a can be 
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nmoied at pimun, m thit the vitea m>y termlnaU in 
points. To diKhtrge a ju or battery bj means of thii tp- 
pantus, attach > ehun, which is connected with the outer 
coating to one of the ringa b ; connect the other ring in 



Ktd, and place its other aim in cootact with the Imob of the 
jar. 

Enn after ■ diichaige hai been thni made, you will in- 
nriabl; find ■ greater or lea renduum of electrioit; in the 
jar or battery. Tbia can be got rid of by repeating the dis. 
charge aerenl times, until the electricity which adhend to 
ths surbce of tbe glaai hu heea lemored. Rieas found 
that the quantity (^ electricity lost by the first diKliaip 
amounted to 4t of tbe entire cha^e. 

Faraday and Riesa hate both, amttig modern electrit^ani, 
diitinguiilied themseives by their delicate experiments and 
their inteatigatiaDs into the nature uid properties of electrical 
cbaiges ; the lait-nauied philosopher has, indeed, endea- 
Tonred to discover the lav which r^ulates tbem. 



§488. 

The diuhar^ of a jar or battery ii tfae instant wben the elec- 
trical forces, in thar primary state of actliity, pais from a state 
of tension into their secondary condition, IinovD as the tkitrieal 
atrratt. (g 473. ) The equilibrium which subsisted between the 
± electricides accumulated in the inner and outer coatings of 
the jar is dntroyed, the two fluids are set in motion, and at that 
instant their aiKfrofintfim takes place. This electrical action is 
earned on along tbe conductor joining thelwo coatings, and as 
Whaatstone has lately Bhown, by means of a simple experiment, 
tbe movement of tbe fluids undoubtedly takes place in oppoute 
directions Irom the two coatings. Hence, in fact, there are two 
currents moving; in contrary directions; that which issues from 
the pontile coating is called the jwntiH current, that which pro- 
ceeds from the mgatict, tbe ncffBtiw current. As it might cause 
confusion to speak of both currents, when our attention will be 
, oooEned to one only, we shall say, once for all, that when do par- 
dcolor distinction is made, the positive current is to be under- 

This current, or tbe propagation of the state of quiescence, 
is of so sbort a duration, that it may be regarded as memmmy, 
Wheatslone's experiment baa recently fiimished us with an ap- 
proximate measurement of its duration, Irotu whidi it appears, 
tiiat in ■ ooppet wire it trtrelled at the rate of 288,000 miles in 
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Tbe dilTvrenl phenainena whiah chamrtetize tbe electrieal cur- 
rent, and which we tisTS briefly noticed sirody (§476.), are 
caiued b; the neutral iiaiion of the ± eleclricitiea in all bodien 
that form parts o{ the circuit thus instantaaeuusly travened. 

If the circuit passed over by tbe current of electricity be inter- 
, rupted at one or more points, there will be a spark at each of 
these inlerials, indicating the dir'xtion taken by the fluid. The 
light is generally while and intensely bright j under certain cir- 
cumitBDcei it is coloured ; ita doiatioii can be estimated only >p- 
proximalely by calculation, and ia leas than the millionth part of 
a aeoond. We may infer, that sensible caloric is combined with 
the light, as the spark in its passage consumes suhsiances whidi 
can be burnt oniy by the application of a considerable heat. 

If Dlhernop-conducting bodies, besides the atmosphere, !otm a 
part of the electric circuit, and if Ihe resisUnee thej offer to 
the combiDation of the t electricities be less than the force with 
which these tend to unite, then the bodies so interposed will be 
penetrated by the eleEtric spark which, in its passage, vill sud- 
denly eipand them, or eyen cause a disniplion of tbeir parts. In 
auch cases, tbe electric spark eihibits. on n small scalt, the same 
pbenomenon as the lightning displays on a grand scale in the 
electrical processes of the almosphee. 

disappear as O electricity, viihoul any luminous or thermal phe- 
nomenon being developed. If, on the contrary, the conducloi 
b«s a bigh retarding power, in proportllm to the quantity of ± 
electricity which is 10 be neulraliied, then the temperature of 
such a body will be raised, and the greater the resistance it op- 
poses, the greater the heat it will acquire ; so that even the 
hardest substooces become incandescent, or are fused, or are even 
driren offin vapour. 

Another purely physical property possessed by the eleetrio 
curreut is its power of aHecting magnets within a certain dis- 
tance. This influence is displayed, partly by its disturbing tbe 
-state of magnetic equilibrium, and partly by attracting and re- 
pelling magnetic substances. As the effect produced is onlj 
momentary in its duration, these phenomena are not so charac- 
teristic of the electric current as when caused by the permanent 
current which contact electricity generates. For this reason we 
merely notice the well-established fact, (hat the momentary elec- 
tric current has tills magnetic properly, reserving the closer con- 
sideration of the subject to that section of this work which treats 

The momentory electric current is further characleriied by 
peculiar physiological effects, eicitlng convulsive movements in 
any Uvbg animal that fomis a part of the circuit At the instant 
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■ the ouneDt U (reasmittrd through the frame the nerves are ex- 
cited, and the muscles contract witli more or IcM lioIeDce, and 
eveo after the death of the animal these movementa eoDtiiiue to 
be perceptible. 

If the current be transmitted through any imperfect conductor, 
especially throuj^h a moixt substance as water, its properties are 
mHterially affected. The spark accompanying the discbarge of a 
Jar into such a body is short, dim, generaliy oT a violet colour, 
and unattended by any report. If the human body fonn a part 

peculiar pricking sensation. It is remarkable ilist gunpowder 
can be ignited only by such a current as this; when a spark is 
transmitted (rbca a good conductor, it has no eflect on the 

Lastly, the current possesses chemical properties decomposiDg 
into their constituent elements, such cliemical solutions as admit 
of being easily resolved. The elTects thus produced are not very 
powerful, as a continued current is required 10 effect most chemi- 
cal decompoiilioas, and we can obtain only an apptui lunation to 

lution we wish to resolve ioto its elcmenls. 

The principal eiperimenis for illustrating ^e above-named 
properties of the electric curteut will be described in § 491 
—500. 
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-e placed in a straight line, so thai the break ii 
die of the wire was between the otht^r two; eisctly oppo- 
site he placed a small metallic speculum, in which he could 
view the images of the three sparks; the mirror was made 
Id revolve with great rapidity about an axis parallel to tbia 
line. Now, as tt>e image of an object seen in a mirror ap- 
pears to be prolonged, if the mirror be turned on an axis, it 
is obvious that (he rotation of Wbeatstone's mirror gate to 
the three sparks the appearance of three parallel lines, which 
would of necessity be^iin and end at uneven points, if tbera 
were an; perceptible interval of time between the imi^es of 
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tb« spaika b^ng reoeived on the mimr. Tlie important 
result irra now- ablaiDMl, that when the velocity of the mir- 
ror't rotation was miall, thepositioD of the lints wu eres, 
thus, = ; hut when the rate at which it turned 

wai sufficiently aeoelerated. thej asaumed this appearance 

— , when the mirror re*alTed towards tlie right 

band, and — .^. if towards the left; but under do cii- 

cumatances did the lioea stand thua -= — , as tbe; 

mult have done bad the curient been (nnimilted from one 
extremity of the wire to the other ; and bad its paaaage oc- 
cupied any perceptihie apace of time. Prom a eonaider- 
ation of these fiuts, tbia philosopher inferred that they did 
not admit a( being accounted for on tfae suppouiion that a 
aiD|^e fluid Iraveried Ihe wires, but that we muat assume 
that two fluida enter the opposite ends of the eonductoi at 
no perceptible inlenal of time, but tbat the* traverse balf 

*ie length of Uw wire in a space of time that admits of bong 



Again, as according to ealoptiical taws (§ 391. 3.), the 
image of an object in a revolving mirror baa twice tfae 
angular Telocity of the latter : it follow^ that if tfae mirror 
in one second makes a revolutions, tlw image of ihe spaik, 
■uppouDg it olio to last 1 second, would make So. 360°. 
If ^e image of the apark make an arc of b degrees, it would 
have cantioued luminous of a aecond. When the 

mirror was made to revolve XOO times in a second, tfae 
im^e of the apark at a distance of 10 feet, appeared to an 
eye placed close to the mirror, to make an arc of not quite J 
a degree in length. Id tbia case the sic of the spark h, must 
he leu than J a degree ; and as a = 800, the duretiau of such 
apark muat be len than ■■ ' , 1. 1 rather lea than 

000300087 of a second Of this inatantaneous but In. 

tensely powerful effect of the electric spark, any person may 
satisfy himself by looking at a due by this light ; the disc 
should be made to revolve so rapidly, that the images de- 
picted on it cannot be distlnguiahed wiih an ordinary d^ree 
of light because their impressions become oonfiised in the 
eye. (§347.) Viewed hy the Ulumination of an elcclHo 
spark, such a disc seems stationary, and the objects painted 
on it are seen in their true fbrm and position. If one of 
Ncwton'a coloured wheels <g 384.) be vieiTed in the aame 
manner, the individual sectors will be seen of their funda- 
mental colours, not nith Stan ding ita rotation; vibrating cords 
seem to be iq a state of repose m tbeir undulations; and ■ 
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ot' drops vhich geneially appears to the tje ai a 
connected stream, is seeD to be but ■ ttiita of drops, becauM 
the impression of each image lasts for so ^ort a timp, tbat tbe 
poutioD of the moving bodies is not altered. The fuUovii^ 
ciperimeat irill confirm what has been jiut adianced : — 

£1711. Place the two balls of a unitenal disehai^er (Jiff. 
1S4. aa) about an inch aaunder; connect one of the wires bjr 
a chain with the conductor of the toacbine. and the other in 
like numner with the ground. As tbfe macliine it turned 
round intenselj bright sparks wiU pass at intervals from one 
of these balls to the other. A smalt Lane's jar may be used 
instead, and thus a still more intense spark will be obtained. 
— If a rapid rotation be imparted to a parti-coloured disc, 
01 to a spiral wire held near the place where the discharge 
takes place, the phenomenon described above will be plainly 
observed as the sparks are emitted. 

The length of tbe wire, along which Wbeatstone con. 
veyed the electric current, was J an English mile ; to go 
over half this distance, or J of a mile, it requited about 
0-00000087 ofasecond; whence it follows, that its velocity 

in 1 second was 3 of a mile, or 288,000 miles. 

O«0O00O87 
WheatstoDC announced his important discover; in 1S3J, 
in a lecture which he read before tbe Boyal Institution. 



g 489. 

Another kind of apparatus, called a coni£inRr,.dvpencls, like the 
Leyden jar, on the induction of electricity, and on its being held 
in a latent state. This instrument is used to detect the presence of 
electricity, and to determine itskindin bodies where it exists lAth 
so low a. d^ree of intensity, as not immediately to aFect (he most 
sensitive electroscopes, requiring to be collected and condensed 
before it gains a sufEiaent degree of tension la cause tbe elec- 
troscopic bodies to diverge. 

It consists (fig, 1 65. ) of two circular discs 

^i;. 165. of copper or brass, te, bb, whose touching 

surfaces are highly polished, and between 

which some feeble non-conductor is inter. 

posed 1 this may be either a thin film of air 

^ letuned between the two plates by three 

drops of sealing-wax being so placrd near 

the edges of tbe plates as to keep them 

asunder ; or else their surfaces may be done 

over with a thin and uniform coat of rar- 

nisb. PfaFT recommends that amber varnish be used for this 
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purpose, 8S being a good insulator, uid less liable to be abraded 
than other vamisbei; The upper plate t ia called the eolkctar, 
the lower one b the boK. Both are fumisbed with glaaa sterna 
n n, so that the collector, by means of the handle m, ma; be 
detached in an insulated state from the base. To connect the 
base nith the ground, attach a ehun to the wiie b a, having a 
knob a at iti eitremity. — Some bad conductor, such as white 
marble or drv polished wood, will do for the base instead of 
metal ; the colleetof' then will not require ti) be famished, and 
the conneiion of the base with the ground may be dispensed 

than the others. 

The apparatus is thus used : — Place on the collector c, or 
connect with it, the body whose elecliicity you wish to investi- 
gate ; touch the ball a with your finger; the electricity thus 
transmitted to t)ie collector acts by induction through the thin 
non-conductor on the base, and confines its opposite electricity in a 
latent state, repelling at the same time its similar electricity. 
A» now the base is connected with the ground, a constant supply 
of neutral electricity is conveyed to it, which in its turn under- 
goes ■ umilar decomposition. This process lasts until the 
condenser has received the full charge answering to Its sur&ce. 
Kaise the collector, which you lay hold of by its glass stem nt, 
suddenly, keeping it parallel with the base, and the latent elec- 
tricities will be again set free. The electricity of the body under 
examination will have accumulated itself in the collector, and 
the dissimilar electricity will be found in the base. Present the 
collector to any delicate electrometer or electroscope, and the 
accumulated electricity will be measured. 

The most convenient arrangement is, when the base is screwed 
on the cooductoT of a delicate electiometer (ex. gr., Bennett's, 
Oersted's, or Becquerel's, § 480.), in which case the mode of ei. 
perimenting is slightly difl^rent The body to be examined is 
put into immediate contact with the under plate b (fig. 153.), to 
which, for this purpose the metal pin with the bait is attadied, 
and by means of the finger you connect the condenser with the 
ground. After the electrical body has remained a sufficient time 
in contact with the ball o, it is to be removed, and the conductor 
c litUd up by its glass stem, by which means the electrometer 
immediately shows the electricity set free in the lower plate C 
In this case, the apparatua is eiactly reversed fr^yra what it was 
in the other experiment, the lower plate being the conductor and 
the upper the base ; however, the Utter may be put in contact 
with the body under examination, and the lower can be connected 
vith the ground, in which case it is readily seen that the electro* 
TDCter must indicate the opposite electricity. 

Though in most cases a tiajile eanderuer of the kind 
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' dcKtibed will be BuSicirDt to condeniw the leniible altc- 
tricily, or to impart to it the lequiiite degree of teoiicn, 
yet this does not always bappen. A Maond coodeoier with 
■nwlter plates must then be used, to which the electiicity 
already accumulated in the greater one may be tranamit- 
ted and condensed a secoad time. This double ctmdeiitr, 
originally invented by Cuthbertaon, and since simpliiled by 
Feclet, consists of three discs of plate-glass, the whole Bur. 
&ce of which is coiered o>er with leaf-gold. The lowest, 
which we will coll a, is attached to the conductor of an 
electrometer, and its upper Gu:e is varnisbed over i the second 
plate A lies on this, and is Tarnished on both sides. A stnall 
copper gilt stem is fiutened on one point of its idrcum- 
lereoce, and in the middle it baa a glass handle like a 
common collector. The third plate c, which is to come on 
this second one, is Tarnished only on the under-side ; it has a 
hole drilled through the middle, uid is jurnished with a glass 
tube which incloses the glass stem of b, but la rather 
ahorter than it. This double construction eSeots the re- 
peated condensation in the following manner : — I^y the 
body to be examined oo the upper plate c; totich the 
midille ooe b so as to establish a connexion between it and 
the ground; lift olfc, and touch a in a like manner. Re- 
place c, touch it again with the body and repeat the former 
process, until at last, by means of the glass pin, the plates b 
and c are lifted up together, when the whole of the elec- 
tricity accumulated in the undennost plate becomes seniible, 
as may be seen by the diTergence of the electroscopie bodies. 
Since brass and copper plates can, by the galvanic pro- 
cess, be so readily gilded m covered with platinum, it will 
for man; reasons be advantageous to use such discs instead 
of glass plates. 

Votta, in 1TS3, invented this apparatus, which is of ^teat 
valuer as by means of it the existence of lendble electricity 
bas been discovered in many bodies on their being brought 
int9 contact with each other, as also in many chemical and 
atmo^heiic [wocesaei, in which the presence of electricity 
could not have b^en detected by any other mode. 



^490. 

The ekcimphnia is also an apparatus invented by Volta, ITT5, 
which poseessesthe property of maintaining for a length of time, 
by its iiductire process, the electrical tension which Miction bad 
(■cited in a non-conductor. 

It consists of two principal parts, via. of a common circular 
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loel disc of min ( b.Jig. 16S a. ) and atirass 
, Fig. 165a. plile a ; t^e cake of re»in which He* in 

ia meUlmould.or plate, is thelMseof the 
etectrophorus; and thebniss-plate, which 
should be perTectl; round and smooth, 
. . . . ~- 'r ^ n ia josulatert by means of ft glass handle 

llM^^^^i^Ml^ ^, Xbis instrument is thus used: — 
The tesin is rendered negativelj elec- 
trical by filirtion with a cat's skin. The sensible electricity nov 
nets by induction through the mass oT re^o, which should not be 
more than ] an inch in thickness, reducing to a latent state a 
quantity ar+ el^tricily on the opposite side corresponding to its 
own attractive forcej by this means both the— and + electricities 
may be retained in a latent slate for months or even years. If 
the brass plate be laid on the cake of resin, it also is rendered 
electro-polar by induction. In this state the following pheno- 
mena may be obserred io the eleotrophorus : — 

Expt. 1.) Lay the brass plate on the resinous Eurhce, 
touch it with your finger, and a small spark will be emitted 
from the brass. This is owing to the — electricity being 
repelled by the induction ef the cake ; the + electricity of 
the brass, on the contrary, is held in a latent state by the — 
electricity of the resin. 

2. ) A similar eflect follows if the base be insulatedl, the 
resin rubbud, and the finger laid on the mould or frame that 
contains it. In this case it is the + electricity of the mould 
which is rendered sensible by the induction oftheunder- 
sutface of the resin. 

.$.) Touch the brass plate so as to carry off its — electricity, 
lift it up by the glass handle, by which means it will be 
insulated, and it will emit another spark. Now the + eleo- 
tticity is rendered sensible, which was before held in a latent 
state by the resin. 

4. ) Raise the plate again in an insulated condition by its 
handle, without previously touching it, and if the apparatus 
is in good order it will not be at all electrically excited. 
This is owing to the + and - electricities, which bad been 
kept asunder by the inductive influence of the resin, com- 
bining, and thus neutralising each other after the brass had 
been separated fiom the resin. 

5.} Replace the brass plate, touch the mould with your 
thumb, and lay one finger on the brass plate, and you will 
eiperience a slight shock in your hand. By this contact 
the — electricity, of the plate being repelled is counteracted 
by the + electricity of the mould, the antagonist fluids 
meeting in your band. Now raise the plate by its glass 
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handle, thus insulating It, and the -<- eleetricitf it contained 
in s latent state will be emitted with a spark. 

Tliat the dissimilar electrici^es are rendered sensible in 

the manner just dencribed, maj readily be shoirn by a 

Becquerel's electroscope. 

From all that has been adranced, it is evident that the 

electrophorus acts precisely in the same way as a Franklin's 

plate (5487,)! it may therefore be charged like it, by conducting 

ix.gr. ~ electricity to its brass plate; the fluid will then adhere to 

the surfiice of the resin just as if it had been eiciteil by rriction. 

An electrophorus may also be used instead of a smslt electrical 
machine, as we can draw sparks from the plate when lifted up, 
after it has been put in contact with the cake, in precisely the 

may be repeated inde6njtely, by replacing the plate so as 1» 
esldllish contact between it and the resin, and then removing it : 
to ensure that these surfaces do acludly touch, lay a piece of 
tinfoil on the cake, which will cause the sen^ble ■(■ electricity of 
the mould to combine with the — electricity of the plate each 
time the latter is replaced. That the electricity of the resin is 
not carried off and weakened, may be thus accounted for, that it 
acts, not hv conduction, but solely hy inductio* on the neutral 
electricity of the brass plate. 

The power oF an electrophorus depends on the size, hard- 
accuracy with which the under-surface of the plate fits it j 
the most important point to be attended to is the quality of 
the resin. Robert says that the best composition Is 10 parts 
of gum-lac, S of colophon, 2 of white wax, 3 of Venetian 
turpentine, and J a part of pitch ; an electrophorus thus 
prepared will both give out a large quantity of electricity, 
and will also retain it for a length of time. PI^S' recom- 
mends a mixture of 8 parts of colophon, 1 of gum-lac, 
and one of Venetian turpentine. As a good electrophorus 
retains for a long time the electricity rendered sensible in it, 
it is trerjuently used for igniting a jet of hydrogen gas in 
Volta's inflammable air lamp. 



avinfr become acquainted with the laws of electricity and 
its fundamental properties and modes of action, as also with 
lonstruction and use of the most important kinds of electrical 
.ratus, we will now proceed to describe some of tlie chief 
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eiperimenti in electricity, which nuiy serve to illustrate mnd con- 
firm tbe explanation already given. Some of these eiperiment* 
can be performed by meuu of the electricity of the conductor of 
-an electrical machine in full woTk,^whi]e others vill requirea 
greater quantity of more intense electricity, ft>r attaining ohieh 
ve shall be obliged to use Jan and batteries. 

L Eltdrical Dwd'mi generated by the attraction and repulaoa 
of electricity in a Mate of tension i — 

£xpl. 1.) The dimciitff Jl^ani and pith balls. The ap- 
paratui employed in thi« eiperiment consists of ai round 
metal plate {aa. Jig. ISO.), (uspended from the conductor 
of the machine j bA is a simllu plate placed beneath the 
other and parallel with it ; 6 6 is connected with the ground ; 
cc is a glasa cylinder between the two. By tummg the 
maebine, aa becomes -<■ electrified, and bb by induction 
negatiTely so. Some light bodies, pith balls or pith figure*, 
ate laid on the lower plate, and as they become excited th^ 
are alternately attracted and repelled. The figures may also 
be made to dance, by holding a common bell glass oier the 
end of the prime conductor for some time, whilst the machine 
is in action, and then placing it on a plate containing the 
figures, the metal plate being in connection with the 
gronod. 

2.) TSe ilectrical ipider. In Jig. \6S., L represents 
Fig. \66, the Leydenjar, to the outer coating 

. of which B wire is attached, having a 

p km* 6 at its extremity. If the jar be . 

, a^ A, charged with positiie etectricity, a is + 
«Si ^ electrified, and i — . Any light sub- 
stance, such as a glider or other toy, 
cut out of pith, suspended between 
these two balls, provided also that it 
be insulated, will be alternately al- 
tractM and repelled by a and b until 
the jar is discharged. 
Z.) The dmtricai Ki-tam (ab,fig. 16T.) 19 a small strip 
of wood covered over with sil- 
^ff. 1 67. ver leaf oi tinfoil, insulated on 

e tike a balance. A slight pre- 
, ^1 e j( j /' pondetance ii given to it at ■, 
fcjHiu-f^ ff^V so that it rests on a wire having 

r *^ II — . — 11, similar metal hall inmZohrf. 

Connect p with the interior, and 
m with the exterior coating of the jar ; charge it, and (he see- 
saw motion of a 6 will commence from causes similai to those 
which excited the moiements of tbe pith figures. 
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Fig. 168. 
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4.) TlttdittTiaiibtBi (Jig. 166.) m» is s bnTof meUl, 
from which three bells, bab, bang, 
and between them the dappen, ec 
The bell a u attached to a wire, but 
the other two b b, nad the clappeis e e, 
are suspended bf ellk threads ; the 
belli Kb are further conoected with 
the ground by means of ebsins. This 
apparatiM is either fiulened by the 
beU a to the conductor of a Leyden Jar, 
or else it is hung by the ring r to a 
chain attached to the prime conductor 
of the machine. When the jar ii 
charged, or the msehine set in motion, 
the bell a'a + electrified, and the other 
two bb are —electrified ; hence the clappers cc between 
them are alternately attracted and repelled. 

S.y Thi tlectriad eoUtm. A hank of cotton, or a downy 
feather, suspended by a thread ftom (he prime conductor, 
expands in all directiooa when the machine is set in actiotl, 
the fibres seeking for some object connected with the earth. 
Present a needle or any pointed thing to them, all the eada 
of the cotton or feather will be drawn together towards it, 
away from the conductor of the machine; a bundle of silk 
or glass threads would act in s similar manner. If a person 
stand on the imulating stool, and lay bis hand on the oon- 
ductor whilst the machine is at work, the hair of his head 
will stand out in the same way. In this instance the simi- 
larly eleetritied parts of a body are mutually repulsiTB. 

6.) Tit dtttrital ihnmfr. A jet of water from a small 
Hero's ball or a syphon, insulated and connected with the 
prime conductor, falls down in a fine shower. A very 
umpte modification of this apparatus is reptesented in 
Jig. 159. s is a metal cylinder hung hy a chain from the 
prime conductor ; water is poured into it, which is conveyed 
■way by the glass syphon b, and the strearo is dispersed into 
the finest rain aa it descends, when the machine ii set to 

7.) The AetriaU iBind. The Same of a candle held neat 

to a pinnt or small ball attached to the prime conductor, 

will be extinguished by the current of 

fV- 169. electricity, caused by the repulsion of the 

electrified air. 

B.) Tht dtctrictil fly-tehed. 



1 (fig- " 



).) t 



ning o 



1 a poini 
onductor 
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on the lame priaciple as Segner's mler-vheel (§ 165. )< or 
ai tlie staSTD bill or oeolipiU (§419.), in aR opposite di- 
rection to that in wbich the etectricily iaaues. 

§«S. 
II. Sifference ahtenaHe in the 4> and — eltctricititi, ahovn 
paril; by their luminous appearance, and partly by their mecha- 
nical elTects. 

Eipt. I.) The electricity emitted iTom a small ball, 
or ftmn a rounded point attached to the prime conductor, 
radiates in a stellated form, with a reddbb blue light. 
That discharged ftoni a similar knob ot point of the negative 
conductor is seen as a luminous point or star. 

Bring a pointed body near to the posiliTe conductor, and 
you Hill have a luminous speck, offer it to the negative con- 
ductor, and the liglit trill be seen to radiale in all directions. 
Hence it appears that vherever one of the electricities is 
sensible, the other is always attracted to it, and, consequently, 
that none of the electricity is absorbed iti Che points which 
are brought together, but that + electricities are merely 
brought into a state of quiescence. 

B.) Discharge a positive spark on a polished resinous 

of the same suHace discharge a negative spark; the + and — 
electricities will be retained, in a latent condition, on the 
spots against which they were respectively directed. Now, 
sprinkle the resin with semen lycopodii, flowers of sulphur, 
or any similar substance, and particles of the dust will be 
attracted and retained by the electricities. Blow away the 
rest of the powder from the surfiuie of the resinoits body, 
and at the spot which was positively electrified, you will see 
a radiant star-like figure ; at the negalivdy electrified spot 
there will be merely a round clouded speck TTiese figures 
have been called from their discoverer, Lichteiibtrs'i figures, 
— Use of metal rings or bells in electrilying the resinous 
cake. — Letters or other figures depicted by means of a Ley- - 
den jar. — . Utility of wanning or even melting (he surface of 
the cake before the experiment is peiformed. 

3.) Electrify in a similar manner a cake of resin, positively 
in some places and negatively in others, and with a soft 
piece of linen spread over it a mixture of flowers of sulphur 
and red oiide of lead. The positively electrified spots will 
be yellow with sulphur, and the negatively electrified will be 
red with the lead. In consequence of the friction caused by 
the linen rag, the sulphur attracts the ^ and the lead the + 
electricity ; the dissimilar electricities are accordingly repelled 
from those particular spots. 
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4.) Place two Leaden jan of equal uza, the outer coftt of 
one being positiTuly, and that of the other negatively 
electrified, Irom 3 to 4 inches Bsunder □□ a glass plate, the 
upper side of which is sprinkled with semen Ijcopodii. and 
the under-aurfact coaled with tiolbil. Connect the two 
ianer surikce* of the jars by a common discharging rod, and 
a spark will be emitted from their outer sui^ofi After 
the discharge, the figures of their respective electiicitiea wilt 
be visible in the dust around the jars, and all the dust will 
be driven away from the path traversed by the spark. This 
path is generally traced over with positive figures from the 
positive coating, and with negative figures from the negative 
coating. These marks disappear near the spot where the two 
fluids meet, snd at the point where the + electricities com- 
bined lo form O electricity, there Is frequently to be seen 
a large round speck, bounded by no figures whatever. 

§493. 
III. ElecMcal laminota phenomena invariably occur, as we 
alrea<1y know, where Ihe + eiectricities conihlne in their passage 
through the air. They appear as a dim light or glimmer pro. 
ceeding from the electrified body, when the neutralisation of the 
two fluids is eflccted immediately by the air itself, as is the case 
wben a current of electricity is emitted from points or imall 
knobs; but when the current is transmitted through a good con- 
ductor, a spark is emitted at every point where the continuity of 
the conductor is broken. The intendty of the electric light 
depends partly on (he d«isity of the accumulated electricity, and 
partly on that of the gat through which the spark pa-^es; the 
denser the medium, and the more intense the electricity, the 
brighter and shorter will the spark be. In rarefied air the light 
ia longer, broader, and less powerful ; it also assumes a rose or 
violet tinge; its bue is further aRected by the nature of the con- 
ductor through which the current is transmitted. When sent 
through gold it is green ; through silver, red ; through tin or 
ztac, white; through water, yellow, inclining to orange. On 
these different peeuliariltea depends the construction of a variety 
of eleclricul instruments, by means of which the most surprising 
and beautiful luminous effects are produced. Want of space 
prevents our briefly describing more than a few of the principal. 
Eipl. 1.) 77ie ipnopltdrod is a glass tube some feel in 
length, on the surlace of which spangles of tinfoil are 
pasted in a spiral form, a small space being left between each 
spangle and the succeeding one. A spark transmitted along 
such a conductor appears at the same instant at all Ihe 

The luDUDOus names, .stars, and other figures are made 
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on the same principle ; the; are formed by parting atripi of 
tiofol], baving breaks in its contiauity at the proper pLaceSt 
oil a square of glass, along which a spark ii sent tntia the 
prime coaductor. 

3.) TAt ipangled pant a merely a Franklin's plate (g 
487. }. one of wbose coats is cut up in small squares. When 
the glate is being cbsTged, sparks fly in various directions, 
somewbat like lightning, between the squares of tinfoil ; 
this is owing to the induction of the electricity. When the 
plate is dischniged, the rays from the point where the dis* 
charge is eSected shoot out lilte the solar rays. 

A ipanglid jar is made by pasting the outer coatiog in a 
umilar manner, of distinct pieces of tinfoil. 

If the spangles be alternately of gold and silier leat, the 
sparks will have all the colours of the rainbow. 

3.) 1^ tlalria^ asrora bonalii. — Procure a glass tube, 
two or three inches wide and a foot or two in length, and close 
its ends perfectly ^-tigbt with brass caps. A pointed wire 
should be fixed in the interior suiftce of each cap; on the 
outside of one of them there should be a knob, hot the other 
should have a communication closed by a valve, contrived so 
that it may be fitted on to the plate of an air pump and the 
air within the tube be eibautted. Connect the knob of the 
one cap by a chain with Ihe conductor of the electrical 
machine ; and if the tube be set in a vertical position, with 
that knob uppermost, when the machine is worked tliere trill 
be a vivid representation of the northern lights, modified 
according to the degree of rarefacdon attained by the tar 
within the tube. If tbe eihaustion is nearly perfect, the 
whole length of tbe tube will be of one violet red colour ; if 
a small quantity of air be admitted, luminous flashes will be 
alternately emitted from the points filed to the inside of the 
caps. As more and more sir is admitted, tbe flashes, which 
g^de in a serpentine manner down tiie interior of the glass, 
will become thinner and paler, until at last the electricity 
ceases to flow through the column of air, when there will 

lar phenomenon may be observed in the Torricellian vacuum 
of a barometer, if tfie electricity be eicited in the interior 
surface of tbe glass by continued agitation of the mercury. 

§494. 
IV. A photphortiant light is emitted by passing a discharge 
over tbe surface of many imperfect conductors, espedalty of such 
as belong to tbe mineral kingdom. Opaque bodies, and particu- 
larly fruits, are rendered luminous for a short time during the 
passage of a charge through them. 
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ExpU. 1.) The Kdloviug ■ubstaDca u-e rendered phos- 
phorescent toT some time by the Iransmiiiuin of an elecltic 
■puk through them ; the; aequire varioui colours, vii. : — 
White chalk, phiAphorcacent, onuige, 
B4Mk-crf ctal, at fiirt red. then irhile. 
Sulphsle of barytes, bright green- 
Ditto, with sulphur, a stead; bright light. 
Amber acid, green. 
Loaf sugar, green, 

Henley's uniiersal discharger will ' be found eitremety 
conTeuieat GirperfbimiDg^eaeeiperioiienta. TiiK lubataiiee 
through which you wish to pass the charge is to be laid on 
the stand between the wires o a, Jtp. 164., coimecting them 
at the same time with a Lane's jar, fig. 1 63., haTing a sur- 
face of a square foot, or a foot and a half. Tfae« two pieces 
of apparatus will be found of great service in the following 
eiperimenta ; — 

3.) Place a small melon, citron, apple, or any ahnikr 
fruit, on the stand of the discharger ; arrange tbe wires so 
that their ends are not far asuudei, and at the moment when 
the Jar is discharged the fruit becomes tranqtareut and 
luminous. 

One or more ^gs may be treated in the same manner, if 
a small wooden ledge be so conlriTed that their ends may 
jtist totich, and the qurk can be ikM through them all. 

Send a charge through a lump of pipe-clay, a stick of 
brimstone, or a glaai of water, or any coloured liquid, and 
the entire mass of the substance will for a short time be 
rendered luminous; 

As the phosphorescent appearance induced is by no means 
powerTul, it wUI be necessary that these eiperiments should 
be performed iu a dark room ; and indeed the cffectof tbe 
other luminooi electrical pbenomeoa will be heightened by 
darkening the room. 

%iS5. 

V. JfecAoueof effi/stt of At coiufeiiHif tpark dachargid from a 
Leaden jar, or on tlieirical battrrg. — The electric current eierta a 
considerRble mechanical farce, in its passage to a good cauduetor, 
through such bodies as are eitber-non-cooductors, or bad conduc- 
tors of electricity, expanding, splitting, piercing, or dispersing 
them. If these bodies are liquids, as sir or water, their particles 
■re thrust aside ; and if contained in vessels, the efieel produced 
is the same as if they had sufiered a momentary eipanuon. 
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Bxpli. 1.) Einntrilty'i declriail lliernionitlir (Jig. 170.) U 
veil adapted to show the momentary eipon^on 
Fig. 17ft of the air when penetrated by an eleetric 
choige. The glasa tube, A, ii air-tight ; it 
communicates with B, which U open at lop ; 
a coloured liquid aCanda at an equal height in 
the tiro tubes. When a spark passes from a to 
b, the liquid in B vill be seen to nae for an 

2.) Close the aperture in a small irooden 
Tessel, by inserting a Bork or a piece of 
vood that fits eiactly ; let there lie two 
wires passed through, whose points are about 
a quarter of an inch asunder; transmit a 
cliarge along thcQi, and the coric will be 
forcibly projected. 

3.) Fill up the cavity of the little 
cup, mentioned in the preceding eiperi- 

passage of the spark will be found lo dis- 
in all directions. 

i&ers so sudden an expansion that the stoutest 
tubes are burst if filled with It, and a spark is transmitted 
through the tube, from a wire at one end, to a similar wire 
almost meeting it from the other end. 

5.) Place several cards together between the knobs of a 
universal discharger, along the wires of which send a charge 
fVom a jar preienting a surface of not less than one square 
fool; if the charge be pretty strong, the spark will pierce 
through all the cards, which, if held to the nose, will be 
found to have a peculiar oduur of sulphur and phospho- 
rus, like that wbich may be perceived in places for some 

)r they have been struck wlih tightning. Wood 

perfect conductors may be penetrated in a like 
manner. l.ay a piece of writing paper on the stage of the 
universal discharger, placing its knol» on the paper at a dis- 
tance of one or two inches from each other ; thCD transmit 
the charge, and if the paper was dry. it will be found to have 
been torn asunder by the passage of the spark. 

6.) Fill a small vial with oil, close it with a cork, through 
wbich a wire passes, the lower end of it being so bent as 
p. j-a to touch the inner surface of the glass. The 
„*' other eitremity of the wire, which projects 

2 shore the cork, is formed intoa hook, that the 
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arbieh is touched b; tbe wite within, and the spark, in iti 
passage tbrough tbe glass, will make a bole. 

7.) Lay a piece of tiofbil, in which there are sereral 
holes, between two small boards, or two panes of gleu ; screw 
them tightly togethcT, and transDiit a prctiy strong charge 
through the metal. On releasing the boards, or the pieces 
of glass, tbey will be found to be split. 

§196. 

VI. Exeitalim of heal by Ihi eUdrii cvrTfnt.'—Tbu is shown 
equally nhen the current is transmitted through line vires and 
when a ^ark passes througb'ony combustible substance. In the 
lirst case the effect is generally greater, the greater the resistance 
offered by the wire, and the more powerful the charge given off 
from the jar or battery ; in the second, the effect depends princi- 
pally on the readiness with which the body is put in a slate of 
combustion, as many substances are ignited by feeble sparks, 
whilst others cbn be burned only by powerful ones. 

Expti. Stretch a piece ot lery fine harpsichord wire 



liversai discha 



■ger; 



is strong enough, you may use a piece of watch-spring. 
Send a powerful charge through the metal, and it will be 
either raised to a state of incandescence, or it will be melted. 
If the charge is not sufficient to fuse the wire, the increase 
in lis temperature will be marked by its becoming blue. 

If the wire be the same, the length of it fused by any par- 
ticular charge will depend on the surface of the battery and 
on the intensity of the charge ; that is (o say, ou tbe quan- 
lity and density of the electricity set in mo^on * : equal 
charges will therefore melt equal lengths of the same wire. 
In wires ot different metals but equal diameters Ibe length 
varies, and tbe better conductor any body is, the shorter the 
length that wLl be melted. Priestley and V. Marum tried by 
this means to ascertain the different conducting powers of 
different metal^ but the results they obtained are deficient 
in accuracy. More recently Hiess has performed some very 
exact expenments, by which he measured tbe temperature of 
a piece of platinum wire, fomriog part of the electrical cir- 
cuit, with a lery delicate electrical air thermometer that be 
constructed for the purpose. The principal laws which he 
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founded on A« result* tboi obtuned at* tbe fbllowing : — 
1 . ) Tbe iucreue ot tcinp«ature in the wire througb »bieh 
the ohuge wu tent is. other things being equal, proportiiHial 
to the quuititj and inteaeitj of the electricity. S.) If the 
wire* of the noie metal haye different thicknesaet, then tbe 
inereaae In their temperaturca vill be invenely aa the biqna*- 
drates of their radii, tbeir length) being equal. 3.) Tbe 
quantity of beat liberated in a wire bj any paTticular charge 
19 Erectly ai the length, and InTenely aa the traosTene lei!- 
tioti of the vire. 4. ) The increase of temperature of any 
■wire forming part of an eleotrie circuit, is inversely as tha 
duration of the discharge. 5.) In diObrent wires connected 
ti^ether, through which a battery is simultaneously dis- 
cha^ed, the quantity of heat developed is proportional to 
the retarding powen which these wirea nngly exert on any 
electric discharge. 

3.) Very fine ulver wire, if placed between the ptnats 
of the UDiTersal discharger, burns with a greeniih light, 
and passes oS* in a greyish smoke, if a tolerably strong 
charge be transmitted through it. Tbe lilie may be done 
with fine vires of the other metals. If the wire be placed 
in a glass tube, you wUl be able to collect the oxides of the 
various metals, which will show their distinctive colours. 

3.) Stretch a lilk thread covered with silver, between the 
arms of the dltcbarger, send through it a charge from the 
battery, the silver will be destroyed and tbe uik will remain 



4.) Lay a strip of pure leaf gold between two itaeets of 
paper, place them oa the stage of the discharger, send a 
charge from a jar presenting a metallie surface of from 
1 to a square feet through it, and tbe gold will be burnt. If 
tbe metal was chemically pure, there would remain a stripe 
of oaide of gold of a purple colour on both tbe pieces of 
paper ; if it contuned a portion of silver, the stripe would 
have a greyish tinge. A strip of pure leaf nlver, humi in 
like manner, would have left a grej- mark of the oiide of 

5.) Lay a small piece of gold leaf between two little 
squares of glass, proceed in the seme way as belbre, and tbe 
metsl will be melted into the glass, which if viewed in re- 
flected light will appear gilded in the spots to which the 
gold adheres, bat if seen io transmitted light, the spots will 
have the colour of the oxide of gold. If you wish to pre- 
serve the glass irom being broken, use three panes, laying 
the g^ leaf between the uppermoet and tbe undetmost, and 
tha middle pane will be uninjured by the performance (^ tbe 
experiment. A strip of g<dd-leaC 1 j lines in width and SO 
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>Dch« in length, ¥rBS eoniumeil bj s spark &om the conductor 
of V. Marum's nuchine ; and a nroiUr spaik from FGster's 
machine, to which ire hiTe alnadj reTemd in the first 
experimeat, burnt a strip of gold leaif J of an inch wide, and 
10 inche* long. 

6.) Of all MibrtuMet that can be destroyed by fire, de- 
tonating silver is the most eombuxlible. A nnill quamitf 
of it. laid on the point of a kuile, explodes instantly when 
held at a diManee of aereral feet from tbe priine conductor 
of a marine in full play. 

7. ) Tbt eiploncMi of oiyhydrogen gas nay be effected 
with almost equal ease, as a single spark is sufficient for the 
purpose. Ilie apparatus generally used is au rleetriad jnttol 
or caMm (Jig. IT3. ); a is ■ metil tube, closed at ons 




face of the.harrel. Now, 
hold tbe mouth of the pistol 
over a stream of hydrt^en from a gasometer (_fy. I9S. Vol. 
I.), close the mouth of the pistol with a cork, send a 
spark on b, and the cork will be diseha^ed with a loud 

8.) Fill with cold water a wine glass, whose outer aut&ee 
U per^ctly tree from nuuscure ; ponr on the top of the water 
a thin Elm of sulphuric Kther, and connect the water by 
means of a chain with the prinie conductor. Turn tbe 
machine round, and present your kouckle, or any other eon. 
ductor, to the sur&ce of the lether, and the spark in its pas- 
sage from the water to the conducting hody will ignite the 
ether. — Or, let any person stand oD the insulating stool, 
and laying one hand on the prime conductor let him hold a 
metal spoon containing some Klher in the other ; let some 
one else present any conducting body to the spoon, and the 
passage of the spark will cause the jvther to burst into a flame, 

9.) Sprinkle some finely pulTerised colophony on tbe 
suilace of some water in an earthenware saucer, which is to 
be placed on the stage of tbe universal discharger, and its 
knobs placed at a distance of Irom 3 to 4 inckes asunder ; then 
transmit a cha^e IVom a Leyden jar. and the spark in iti 
passage from one ball to the other will ignite the resinous 
powder. The same efiect will Ibllow, if the colophony be 
aprinkled on a rough board, or on a hank of cotton. 

10.) Hie igniting power of a condensed spark ia increased 
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bf sending it through a damp conductor. Hence ire are 
snahled to ignite guDpowder, vliich re^ts the artion of the 
apsik under ordinary ciroumstances. (See Third Expt. 5495.) 
Place some gunpovder in the little wooden cup (_fig. 171-)> 
and carry the spark along a rooist thread 6 or 7 inche* in 
length, attached to that arm of the universal discbargct 
which is connected with the negative coat of the jar con- 
taining the charge, and the sporiiL in lU passage from the 
end of one wire tu that of the other will cause the powder to 

§497. 

VIT. The magnetic effccti of the electric current are TariouGljr 
displayed ; but, aa has been already (§ 488.) remarked, the in- 
Huence exerted by the interrupted and momentary currents of 
frictional electricity ia less perceptible t(ian that of the con- 
tinued current, generated by electricity by contact, and by 
thermo-electricity. Its most remarkable feature is the excitation 
of magnetism in unmagnetized steel, and its iniersion of the poles 
in magnets. A few eiperimenta illustrative of these properties 
will now be given : — 

ExpU. 1.) Place a strip of copper -plate, about 1 or 2 
inches in length, between the arms of the universal di»- 
cliarger; transversely to it. and supported by any insulator, 
lay a fine sewing needle, and pass through it some pretty 
strong charges from a jar. The needle will have become 
nxagnetlc, that end which lay to tbe right of the electric 
current being a north pole, and the opposite end a south 
pole. Place the needle beneath tlie copper, and the needle's 
polarity will be reversed. 

S. ) Place s small variation needle on the strip of copper, 
BO that the latter shall intersect its magnetic meridian at 
right angles ; send some powerful charges through It, from 
west to east, and the magnet's polarity will he reversed : 
this effect will not obtain if the charges are transmitted from 

».) Steel needles may be magnetized with greater cer- 
tainty, if the electric current be iusulaied and conveyed by 
a helii around the needle. This will be best eSecUd by ' 
placing the needle in a spiral of copper wire covered over 
with silk, the ends of the helii are to be in conUcI with the 
arms of the discharger. The single spark from the prime 

from a loaded jar, the magnetism will be still stranger. I.ay 
a magnetiied needle in the helii, and conduct the electric 
current, ao that the north pole of the needle shall lie on the 
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right hand orthe direction in which the i 
siler a few charges the needle's pole will 
An eiplanatioD of this phenomenon v 
■ectioo on Eleclro-mignetism. 



VIII. Its phi/iiological tffecti are developed by electricliy 
when in h state of tension : they appear to he owing, in part at 
least, to the induction of cleelricitj taking place in the human 
frame. Among those etfecta may be enumerated the sensation 
of a spider's web heing drawn across the face, and Ihe emission of 
phosphoric odour. 'Iliey are felt most powerfully in those parts 
of the body which form a part of the circuit through which the 
electric current passes, by a shuddering sensation, and a contrac- 
tion of the neries and muscles, knowu as the electric shock. 

The effects of the shock vary with the eitent of the sur- 
face covered with tinfoil, and they may become so intense 

limbs, nay, even death itself. In performing thete eiperi- 
ments, care should be taken that Ihe clmrge is not too strong. 
— The discharge from a single jar is sufficient to kill small 
animals ; and a Iwttery of 13 feet coating is enough to stun 
or even lo destroy life in a large animal, especially If tho 
stroke be conducted through the skull. 

through parts of the animal organizatioa producm a con- 
traction of the nerves and muscles, by which the activity of 
the vascular f^ystem is increased, the motion of the fluids 
accelerated, and the animal best rused. Hence frictional 
eteclricily has been frequently applied in medical practice. 

Electricily produces on vegetables, effects closely re- 
sembling those just described in the case of animals i 

» fatal to them. 

Exptt. 1.) The clielrital balA is administered by placing a 
person on an insulating stool, and directing the electric 
current from the conductor to difFereni parts of the body by 
meant of some pointed conductor. 

2. ) Till dtctric ihoct from a charged jar may be given to 
a number of individuals at once, if they lay hold of each 
other's hands, the last person in the circle putting himself in 
contact with the outer coal of the jar, and the first touching 
the knob of the jar, by which means the circuit will be 
completed. On account of the velocity with which it travels 
the shock will be experienced simultaneously by all. — In- 



LJnnzprh.Gobyle 



terpose in Hraie part of the circuit ■ moistened conductor, as, 
tr. gr., a piece of wet rope ; and instead of the shock, tbere 
vill be merely * tingling sensation felt in tbe tips of the 
fingers. 

a.) A mouae, bird, or Gsb mai^ be billed by placing its 
head between tbe wires of the universal discharger, and 
sending a powetful shock through it. Tbe e&ects of the 
electric shock will be iriHble in fishes if they are merely 
placed in a glass of water, and the charge be transmitted 
through the liquid. 

§499. 
IX. CAtmUal JnjfuAuK of Hit declrU current. Unless the 
preceding eiperiments on the eorabustion of the metals be in- 
cluded under oiidation, the chemical effects of the electric 
current are scarcely .perceptible on account of its intermittent 
character, and the impulsive nalure of its ection. (§ ■me.) Tbe 

really possesses a decomposing power ; — 

Exptt, 1. ) Furaday has proved, beyond doubt, that many 
substances may be decoaiposed by means of the electric 
current, obtained from an electrical machine in full work: 
the plan he adopted was the following: — Lay two pieces 
of tinfoil (I (,j^. 174.) on a pane of glass GG ; firom each 

Fig. 174. 



piece of tinfoil projects a platinum wire, bent upwards from 
(he glass, likep, in such a manner that there shall be a small 
apace between the two pginis where they touch the glass: on 
this space the body i is placed, which it is proposed shall be 
decomposed. Place the glass on the stage of the universal 
discharger, putting iis two wires a on the tinfoil, and 

. prime conductor, and the other with the cushion of the 
machine. — If a drop of a solution of sulphate of copper be 
placed at I between the platinum points, atler a few turns of 
the machine, the metallic copper will be deposited on the 
end of tbe negative wirE The neutral salts dyed with 
indigo gave a coloured deposit on the ■* wire ; a solution of 
iodide of potassium gave a dcpOMt of the iodine on the same 
wire. The decompotitioa is effected still more easily, if 
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instesd df the liquid lolutiDna we employ blotting paper 
saturated with any of the wlutions. A piece of tlus test- 
paper Eaturaled vith a solu^on of sulphate of sodium, nitrate 
of potassium, or any other of the neutral salu, will deposit 
its acid on the +andits alkali on the— wire. Paper dipped 

a bloe tinge of iodine on the — wire. 

The dcc<nnposltion of water by Wollastoa and otiier 
philoiophera, by means of minute platinum points inclosed 
in glass tubes, along which poiots the current is conveyeil 
through the water with whicfa tbe tubes are filled, is so 
extremely feeble that the least trace of the component 
elements does not make its ^pearance for a length of time. 
Faraday investigated the subject anew, without arriving at 
any satisfaetoty conclusion^ lu- was, JioweTOr, Inclined to 
think, that when the current was unattended by any spark, 
the oxygen was set tree at the 4- paint, and the hydrogen at 
the — point of the wires, because he observed that the 
emission of gas at the latter was nauch stronger than at the 

2.) Sparks dIschiH'ged contJauouely through the ait com- 
bine its elements so as to form nitric acid. Faraday dis- 
charged the electric sparks through the air above a strip of 
.litmus paper, saturated with a solution of caustic potash. 
The paper was reddened, and on being dried it was found to 
he penetrated with saltpetre. 

3.) From a fine metal point connected with the conductor 
of any electrical machine, let the + electricity for some time 
be run against the tongue, and a faint acid tasta will be pro- 
duced ; if — electricity be sent upon it. an alkaline taste 
will be perceived. 

§soa 

As all the phenomena and effects caused by electricity excited 
by means of friction have now been eiplained, it is time to pro- 
sent the reader with a brief sketch of some of the opinions that 
haye been entertained with regard to the sources whence this 
powerful agent is derived. Some have thought that i^ is mainly 
caused by the heat generated by rubbing the two bodies together. 
This can, however, at best he regarded as but a secondary source ; 

proportion to the heat eioited, which is not the &ct. More re. 
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from the neoesnty that the unalgHm applied to the cushions of 
the electrical nucbine should be a very oiidizabte bod;. To this 
it nuy be objected, that it jet remains to be proved Itiat this pe- 
culiar odour is necessarily cunnecled with the dtveloprneiit of 
electricity ) and that theoiidation of the amalgam is Dot an indis- 
pensable requiute, baa been shown by Sir H. Davy's eiperiments, 
for he foiuid that a nnall electrical machine in an atmosphere of 
hydrogen, carbonic add gas, and other gases, ^re out as much 
electricity as vhen worked in the common air ; indeed, in the car- 
bonic acid gas it yielded more. According to a still more recent 
theory than the above, it has been held, that a peculiar motion 
in the molecules of the bodies rubbed together is the true source 
IVom which the electricity is derived. This hypothesis has as yet 
'been but partially received, and the discovery of an eiplanation, 
both general aud satisfactory in its application, is an object still 
to be desired. 

Schonbejn has perfbimed a number of eiperunents, in or- 
der to delect the properties of the odour emitted during the 

of ihe cards penctisted by [he spark, bears so striking a re- 
semblance to Ihe blasting o( objects by lightning. {Fifth Expt. 
§495.) This philosopher thought that he could recognize 
the odour in the decomposition of water by the electric cur- 
rent. He accordingly gave it as his opinion, that this sdor- 
Dus principle, which he called ozim, was a body contained 
both in air and in water, that it had hitherto escaped the ob- 
aervBlton of chemists ; and that, under certain circumstances, 
this element was set free by electricity. De la Rive, on the 
contrary, holds that this odour is caused by eitremely mi- 
nute metallic particles with which the electric fluid is char- 
ged; and which, when water is decomposed, are given oS 
with the oxygen in the atmosphere.* 



ilroiredit; and that manT of the melali fasil slin Ihn lame power. Alih 
at flnt •ubpoud to b* an elginenUiT bodj, It msf now be laaked upon I 
■Uprobabnitv.alrR.DildeorhTdriwen. AnanaJyitt e[ Uie pral«i«'i j 
»:« be (Ouud In the AttaHwnn Ear My $. IHft. 
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thera into contact with each other. Separate them in an insula- 
ted condition, and one will be found to be + electrified, and the 
other- ; but thisstste of tension is often bo feeble thatits eiist- 
ence can be proved only hy the aid of a condenser. 

Votla, towards the end of the last century, Grat discorered 
this peculiar eicitationofelectricity in the metals. Folla'i fimda- 
menial experimrnij by which the existence of this species ofelec- 
Icicity may be verilied, can he variously performed. 

Firtt ExpL by means of the condenser. FIsce in imme- 
diate contact two polished discs, one of copper, the olber of 
zinc, holding them by means of glass handles, so that they 
may be insulated ; separate them, and convey the sensible 
electricity of one of the plates to a condenser. (§ 489.) 
Touch both the plates with the hand so as to carry off their 
electricities : repeat the contact and separation, and, as be- 
fore, contey the electricity of the one plate to the condenser. 
Repeat this eight or ten times until ^ou have sufficiently 
charged the condenser, wbich will be loaded with + electri- 
city, if you have touched it with the lino plate, or with — 
electricity if with the copper one. llie electricity thus ac- 
cumulated by conduction on the condenser, may he tested 
by means of a delicate electroscope. To avoid eiciting elec- 
tricityby touching the metal of tbeconductorwilfa the plate, 
which would affoct the accuracy of the experiment, as we 
profess to obtain the electricity merely by the couUct of the 
zinc and copper discs, a piece of moistened blotting paper 
should be laid on the plate of the conductor, and the disc 
should be made in touch this paper, and not the metal of the 
conductor itself; or the condenser, may he furnished with 
two plates, one of line and the other of ci^per. and when 
the electricity is conveyed to the condenser, these should he 
changed, so that the like metals should always be brought 
together. Peciet's double condenser will still more effectu- 
ally secure this object. (§ 4890 

Second Expl. without the condenser. Screw a perfectly 
smooth plate of pure copper, about £) or 3 inches in diame- 
ter, on to the conductor of a Becquerel's electroscope, or of 
a delicate Oersted's electrometer. - Mow, on it lay a similar 
disc of pure line, of exactly the same size, and the two plates 
will, by contact, be oppositely electrified. While this con- 
tact is maintained, the + electricities will be held in a latent 
state. Remove the linc plate by a glassstem, which insures 
its being Insulated, raising it perpendicularly from the cop- 
per one, and the electro'tcopic bodies will show that the cop- 
per plate is negatively electrified. The + electricity of the 
zinc plate will be verified hy presenting it to anotlier elec- 
troscope standing neat the formei; or, without a second 



LJnnzprh.GoOyle 



electroscope, deprive the copper plate of its — electrieitj f 
touch it nith the edge of the linc plate, that the — eleetridty 
again eidted in the copper may not affect the indices. Or 
the entire surges may be put id contact, the zinc pUle 
being allowed to lie on the copper one. 

Noir screw a xinc plate on the conductor oFlhe electro^ 
SBopc, and place the copper plate on it, the former will in 
this case be + electrified when the copper is remored ; and in 
like manner, as before, the dectricitj rendered sensible in 
the copper may be tested. 

Alttlough the phenomena of contact electricity are so nu- 
merous, and effects so varied in their nature deriic their 
origin IVoni it, yet it remained long unknown to philoso- 
phers, even after they had pretty thoroughly investigated the 
phenomena of electricity by friction. Thif wna owing prin- 
cipally to the fact, that it acts so feebly as not to he very 
readily detected. As on many other occasions, a happy ac- 
cident, with regard to this branch of science, led to an im- 
portant discovery, which stimulated to that liirtber research 
that has CDnducled to some of the brightest and most event- 
ful discoveries of modern limes. PrnfessoT Galvani, of Bo- 
logna, observed in 1T9T. that tthen he toucheda nerve and 
muscle in the leg of a dead frog with two different metals, on 
bringing these into contact the leg moved convulsively. 
The author of thb discovery considered this as the effect of 
a peculiar power eierted on the animal arganiiation : he 
thetefore gave to it the name of animal el/xtricily ,- and even 
to the present day, out of respect to the discoverer, it a fre- 
quently called gdiMaiic dectricily, or gaUiaiiim. Volta soon 
aOer proved, by means of the condenser he had lately in- 
vented, that this electricity by no means resided as an extra- 
ordinary agent in the animal organization, but that it was 
the con.'«quenee of two metals b^ng brought into contact, 
and that the nerves and muscles merely exhibited the sen^ble 
electricity, as any other delicate electroscope would. This 
theory led him to the most important discoveries, and in the 
year 1800 to the construction of that valuable piece of ap- 
paratus known by the name of the Tollaie pUi. 

§502. 

The influence thus set at work in bodies was styled by Volla 
the ileelromotitrt Jbnx, and by Ibis appellation it is still known : 
the bodies, by whose mutual contact it is elicited, are termed 
ctirtramolor: 

The Intently and species of electricity which each of such 
bodies acquires when variously combined is by no means uniform. 
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According to experiments perfonned b; mm of soience for tu- 
certaining this point, it hu been found that the electromoton 
takm aa a whole maybe arranged in order, ao that the first in the 
Hat will be + vilb any of theoiherq which ate ranged after it in 
the list, and that (he; are — j that beginning at the other end of 
(he aeries, the last substance will be — , and any of the pre- 
ceding with which it may be taken will be + electrified i and that 
■11 the intermediate elecliomotors oiay be either + or — electri- 
fied ; and tbati if taken in pairs, that which stands higher on the 
list will be + when joined with any lower in th« list, which will 
be — electrified; lastly, that the difference of tension eieited by 
bringing these bodies in contact is greater the farther apart they 
are in the series. The list thus conatnicted forms a labk of dn- 
frondtiM tatiioni, as ascertained by the use of a condenser and a 
delicate electrometer. Below we have given four such tables, 
compiled by different philosopbeis. 



Volla. 



Pbff. 

+ Zinc, lead, cadmium, tin, iron, bismuth, cobalt, arsenic, 
copper, antimony, platinum, gold, mercury, silver, charcoal, 
argentum vitreum (litreous silver ore), sulphurous pyrites, 
cuprum mineralisalum pyritareum (yellow copper ore), 
galena, crystallized tin, niceolum sulphucatum arsenicum 
pyritaceum (arsenical mundick), molybdtena, protoiide of 
uranium, oiide of titanium, graphite, wolfram (tungsute of 
iroo and manganese), gypsum stillaiium, crystallized am- 
ber, peroxide of lead (?)i 

UenricL 
+ Zinc, lead, tin, antimony, bismuth, iron, brass, copper, 
silver, mercury, gold, platinum. 
Peclet. 
+ Zinc, lead, tin, bismuth, antimony, iron, copper, silver, 
gold, platinum. 

Their respective degree of tension !s, however, considerably 
modilled by the elevation of their temperature, the degree 
of polish on the surface of the metals, still more by ibe ad- 
is rendered much more positive by amalgamation. 

These ciperiments may be aatisfaetorily performed even 
without a condenser, if a Becquerel's electroscope is at hand ; 
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or, better itill. a delicate electrometer OD Oersted's con- 
atruclion. (§ 480.) The deviation of the needle in tbe last 
named instrumect tnables us witb tolerable accurac}* to 
compare the difference in the electromotive tension of any 
two bodie*. The metals to be inbjected tothia test should be 
of a circular foma, from S to S inches io diameter, and at 
lean 2 lines thick. As silver, gold, and platinum plates of 
this site would be very expensive, brass pistes may be used 
instead, covered with gold, silver, or platinum, by the pro- 
cess of electroplating. (§519.) A circular hole is made in 
the centre of each of these discs, for the purpose of con- 
necting them with the conductor of the electrometer, or for 
inserting glass stems by which they may be insulated. The 
plates must be as highly polished as possible, and the metal 
should be perfeelly pure. The line or platinum pUte, as 
being the extiemei in the table, is to be screwed to the con- 
ductor of the electrometer, and the others are to be brought 
into contact with it in the manner described in the second 
eiperimeDt of tbe4)[ecetUng paragraph. To investigate any 
two metals, say iron and silver, all tliat is requisite is to 
place one of them on the plate of the conductor, to insulate 
the other, and place it on the former. 
If several dilFerent electromotors are brought into mutual con. 
tact at once, as ix. gr., A with B and B with Z, then this remark- 
able result ensues, that whatever eleclroinolor B may he, A always 
has the same kind of electricity, and of the same intensity, as if 
it hadbeen in immediate contact with Z, without tbe interposition 
of B. Further, if instead of H we interpose any number whatever 
of opposite or similar electromotors between A and Z, as A, B, 
C. D . . . Z, A continues in this case also to be clectiified pre- 
cisely as if it were in immediate contact with Z. 

For the sake of illustration, we will suppose the relative 
difference of tension between A and B ^ 5, between B and 
C - 1, between C and D ^ 3, between D and Z = 7 ; then 
the diderence of tension between any two members of the 
series Ls invariably equal to the sum of the differences of the 
intermediate links. Hence, between A and C S -i- 1 ^ 6, be- 
tween CandZ = S + T-'IO, and between A and Z=5 + I 



§ 503. 

The electromotive force can, moreover, be eiciled not only be- 
tween the solid conductors of alectripity, but also between them 
and conducting liquids. With respect to the species of electricity 
excited by tbe contact of the various metals with diOerent liquid 
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CONTACT or SOUD* AND UaCIDl. TS 

boilie9^ tbe Dumenius eiperiments or Pfkff have conducted oi to 
the fbllawing resulti : — 

1,) Tht allialiat liquidi, an CBUrtLo potash, caustic soda, am- 
monia, generally excile in the metals a state of atgaiiee thetricat 
Ithtioti, the inteDHly of vhich is greater the nearer the metal is 
to the poBilive end of the series. To this rule, however, there are 
some eiceptions. When in contact with these liquids, tin, anti- 
mony, zinc are the mast poveiful ; platinum, bismuth, ^ver, 
tbe most feeble electromotors. 

2.) CtHUfralTVited octifj, as nitric acid, sulphuric acid, &c., im- 
port to metals the opposite, Ibat is to say, the potttiveig electrical 
tnuion ; and in particular o^ the metali, without eiception, when 
acted on by concentrated nitric acid, become pontile. In this 
acid,steel, east iron, pure iron, and platinum are the most powerful 
electromotors, and linc the reeblesl. With sulphuric acid they 
are divided into tno classes; those metals, as gold, platinum, cop- 
per, which stand near the negatiTe end of the series, becoming 
poiitivei the others, antimony, tin, and line, bdng negatisdg 
electrified. The same rule holds good with regard to hydro- 
chloric acid, 

5.) /n diluttd acidi atid solatioTis of htavg metallic aalta, the 

on the order of the melals in the series. Conudered as a whole, 
they are negatively tiectricat towards these liquids, the more posi- 

less negative, showing an increasing tendency to become positive; 
and those which are the most negative when acted on by these 
liquids actually acquire a positive tension. The tduUona of an 
aliali aith lalphurie add present the striliing anomaly of rendering 
the negative metals moit poatrfidly atgatite. 

From a cDnaideratioo of these ^ts it was inferred, that the 
liquids received eiactly the oppoute electricity to that acquired 
by the metals immersed in them, and that the intensity of their 

4.) Inmost of the liquids, the metals, as a whole, invariably dis- 
play the like excitation, but the original diCTerence in the tension of 
those whose surfaces are chemically actedon by the fluids decreases, 
and is at length converted iota the opposite kind to that wbicb 
they had at 6rsL 

PfalT, to whom the scientific world is under consider^le 
obligations, modified in various ways the experiments which 
led to the results we have just developed ; ex. gr. he pro- 
cured strips of tbe different metals, and laid on them similar 
pieces of pasteboard saturated with the liquid he wished to 
examine, and connected the melal with the eollecling plate 
of the condenser by laying under it a piece of blotting-paper 
■oaked in distilled water, the upper strip of pasteboard bdng 



h. Google 



connected with the ipround. Then be procured a number of 
little tubes sbaped like a V ; tbese he filled wiih the liquid, 
and in one leg be pu| tbe strip of metal, in the other a little 
bit of wood or piper, and coimecCed first one of these bodies 

that a connection should be established between the other 

body and the ground. 

It has been ascertained further, tliat fluids act on each other 

in a manner precisely similar to that in which they affect metals, 

or in which tbe latter sfibcC each other when in couracti that 

influence on each other, but aba in such as are cbemically indif- 
ferent j whence it baa lieen inferred. Chat tbese bodies also may be 
arranged in a series with'regnrd to their electrical tension. Tbe 
difference of tension, however, between heterogeneous liquids is so 
smalt, that its existence is deduced only&om Ibe electrical current 
which is generated. Professor Fechner, who has distinguished 
himself by his investigations as to the theory of electrical pheno- 
mena, first established the eiistence of this electrical action by a 
series of eiperimeitts, from which he bad removed every other 
disturbing cause. 

§504. 

From what has been just advanced it follows, that the metals 
by contact with different liquids sustain a change in their relative 
electromotive powers ; that this change is not equally great in all 
metals; and that it depends, in great measure, on the nature of 
the fluid itself Hence Martens thinks we ma; irfer that liquids 
are not properly electromotors, but rather modifiers of the elec- 
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-zelius has noticed that a similar influenca is eieHed by 
ishing a contact between many of the metals with a gas. 
is especially the case with platinum, which by hydrogen is 
vely electrified, by bromine and chlorine negatively, 
e electromotive tendency developed hy such contact seems 
ne metals to increase tbe longer it lasts, and even to reside 
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for some time in operBtion after the exciting cauM bj which il 
vas induced eeuei to act 1 hia altered eleclromotiTe itate of 
tbe metali il called their (bcfruoJ palariiatnm. The metals 
which become most powertully polariied by contact with cerlun 
liquids are iron and platinum, WbeQ immersed in alkaline 
solutions, they become increasingly positiTe tbe longer tbe con- 
tact is maintained ; platinum becomes polariied when its surface 
in contact with the hquid beooroes coated with hydrogen; or, as 
we baie already remarked. It may be polariied by immersion for 
a length of time in this gaa. 

Iron, Lmmeraed in some liquids, possesaea a very lemarkible 
properly; for, if it be placed in some of the dilute acids, it 
acquires an electromotive tension answenng lo its place in tbe 
series ; but when immersed in concentrated nitric acid, and 
according lo Martens, in acetic acid or alcohol, if combined with 
plalinum, it becomes almost as powerfully electrical as that 
metal. Thus iron chan^ its chemical relation to many liquids ; 
as after polariiatiorv, a. gr., il will no longer be acted on by dilute 
nitric acid, nor will it decompose solutions of copper; In short, ii 
will become as perfectly indifferent aa the noble metals. (§ 73.) 
Schdnbein, who baa investigated this subject thoroughly, calls 

B. Digiroit Kindt of Hydro-dedric Batttriti. 

§505. 

When two faeterogeneous metals are made to touch the same 
liquid, which may be done either by placing strips of the 
metals in a ve^se^ containing tbe liquid, or by soaking pieces of 
cloth or brown paper in it, and interposing them between plates 
of the Iwo metals ; in either ease both the metals will be in a state 
of electrical tension, but of unequal intensities, the more power- 
ful electromotor being in the greater state of tension. This dif- 
ference in their tenaons will be the more considerable the wider , 
asunder the metals are in the electrical series as regards the par- 
ticular liquid in which they are immersed. Connect the more 
powerful electromotor with the ground, and the weaker metal 
acquires the apposite electrical tension, kg may be seen by apply- 
ing that end of it which projects out of the liquid to the con- 
densing plate. Tliis may be at once shown by immersing copper, 
silver, or plalinum in dilute acid, or saline solutions with either 
tin or lead, but especially with linc; the cop ppr, silver, or pla- 
tinum will become positively electrical, while tbe tin, lead, or 
zinc will continue negatively so. The positive tension in this 
case answers to the difference of the negative tensions subsisting 
between the immersed metals, Neil, connect the more feeble 
electrical metal with the ground, test tbe other by the condenser. 



uid It vill be fnund to retun Its original electricitj, tbougfa in ■ 
less degree, and with an intensity carrcspoading precisely wiUi 
the difference of the eleclromotiTB tension* of the tiro metals. 
(S 503. S.)(a) Immerse tflo strips of the same melsl in a liquid, 
and both will be equally electiltied! no diSerence will exist 
betveen their tensions, (b) But if the fluid polarise the metal 
placed in it, we shall obtain an efTectire battery with a single 
metal, by immeTsing one of the plates before Ibe other, as is 
done, for instance, when iron and platinum are brought in Emi' 
tact with a solution of caustic potash. In proportion aa the 
polarization of the second plate proceeds, the difference in the ten- 
sions of it and the plate first immersed diminishes, until after 
some time it ceases altogether. The difference in the tensions of 
any two metals will be increased, fbr obvious reasons, if the 
liquid In whicb they are plunged excites in one a condition of 
positive, and in the other of nega^ie electrical tension, a* 
happens when sine and copper are immersed in concentrated sul- 
Fig. 175, Fif. 176. Fig. 177, 



arran^ment of 




g 503. 2.) Fig. 1 75, represents ai 
Ibis kind, both copper (C) and (Z) being ii 
acid(S,). For similar reasons, an opposite electncai tension wiil 
be produced if two homogeneous met^ be connected together, and 
placed in two different electtomotiye fluids, the metal in the one 
being negatively electrified, and that in the other poutively. As 
an illustration, we may immerse one piece of platinum in an 
alkaline solution, and another in concentrated nitric acid ; or im- 
mersB two plates of iron, one in sulphuric acid, and the other 
in concentrated nitric acid, (c) (§ 50!. 1 and 2.) A scheme of 
t'lis is given in fig. 176., (P() being the platinum, (A) the 
alkali, (a c) the acid, and a 6 the porous materia! between the 
liquids. The most intense electromotive tension is eicited by 
employing two heterogeneous metals and two similar liquids, the 
one metal being immersed in that fluid which renden it the 
most powerfully negative, and the other In that which renders it 
the most powerfully positive, the fluids themselves being con- 
nected by interposing a porous partition betwen them. Such a 
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combination ta effteted thus, ta Bboim in fy. IT7.> hj placing 
platiaum (Ft) in concentrated citric acid (N,), and one «,Z) in 
concentrated sulphuiic acid (S,). (d) 

(a.) Suppose copper and line were placed together in a 
dilute acid, and that the linc, aa the more powerful eleetm- 
motor, acquired a tntaion of —3, whilst the copper was 
merely —1, the difference between their tensions would 
therefore be^2. Connect the linc with the ground, and 
the copper would show on the condenser a tension of -f S — 
l=-t■2; irthe copper be similailj connected, the tension of 
the zinc will be +1—3^^-3. 

(b.) Immerse two strips of Hnc or copper iu the same 

—3 ) that of each strip of copper — 1, the difference of tenuon 
in either case -f 3 -3, or -ft— l^nil 

(c.) Now imtnerse a plate of iron in sulphuric acid and 
another in concentrated nitric acid ; then the former will have 

of aboul+4; the difference of the tensions between these 
two hornogeneouB metals will =6. Let there be a conducting 
medium between the two fluids, connect the iron in the 
nitric acid with the condenser, and the pJale which is in the 
sulphuric acid with the ground ; then the former acquire! a 
posi live tension of + 4 + 2= +6; revcTse the arrangement, and 
tl«iron in the sulphuric acid acquires one of —a— 4" — 6. 
(d.) In like manner we obtwn the tension resulting from 
a combination of two heterogeneous electromotors with two 
diiTerenl liquids, as ix. gr. of zinc with sulphuric acid and 
of platinum with nitric acid. If in the case supposed the 
tension of the sine he— 3, and that of the platinum -h 5, then 
the dilTereuce of their tensions is R ; connect the zinc with 
the ground, and the platinum will have a positive teoNon of 
5-i-3= + Hi and if the platinum he so connected, then the 
line will have a negative tension of -3 — S = -8. These 
batteries may, however, be so combined, that the two hetero- 
geneous electromotors may acquire a similar and equal ten- 
sion from the liquids in which Ihef stand. In such a case, 
the tension of each electromotor equals the difference between 

in a dilute acid, and'pUtinum in a solution of some alkaU 
with sulphuric acid. 

The diCTerence in the tensions of the electromotors im- 
mersed in a fluid has been eiplained by assuming that the 
electricity originally cTcilcd in each by contact with the 
fluid acU by induction or polarisation on the particles of the 
fluid lying between the two plates in such a mannerlhat 
every such par^e acquires an equally intense electricitr. 
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but of an 



pmile character to that oF the Tnetal on the side 
:b of the metals ; vhlie on the tide more remote 
similar and equal eleotticitjr to theirs, so that the 

ircuit formed by the liquid which touch the 
aur&ces eicite the opposite electrical tensioa 

1. A reference to Jig. 178. will render this 




more easy to be understood than a long verbal description. 
Z n is a line and C u a copper plate, connected in a circuit 
by the particles of the fluid. Nov suppose the tentaon 
excited b; the fluid oa the linc alone were-3, then the 
polaritation produced in the liquid by this metal would be 
expressed by the lower tow of numbers contained in the 
circles representing the particles of the iiquid; and if the 
tension it would have caused iu the copper alone be— I, 
then the upper numbers will mark its polariistion by this 
metal, and the result of this double induction of electricity 
would be that the tension of the zinc would be — 3, and that 
of the copper + S. — J^s- 1 79. represents a umilar com- 
bination ofa unc and platinum battery with sulphuric and 
nitric acid, the zinc acquiring the negative, and the pla- 



Such . 



icity. 

ainbinations of solid eUetromotors with suitable liquids 
«nip/e hi/dro-ilictric or coUaui batttritt. Of these there 
principal varieties. 
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1.) Bailtriet eonsiitinp of tan AtUrogeKtoui efcrtromofort ailh 
onefiiLtd. — These were Ihe earliest iavented by Volta; and until 
lately they were almost the only ones ia use. They ate taxa- 
monly made of zinc aTid copper plates immerEed in either dilute 
acid, or some saliue solution. 

3.) Batteries of one hotnogeneota metal vith two Aiteropcneota 
Kqaidi. — To this class belongs Becijuerel's hydro-electric battery, 
as it is called, in Thich platinum (see j!ji. 176.) is put in contact 
vith a solution of caustic potash, or with concentrated sulphuric 
acid. Weber and Wohler's batteries are also made on a similar 
principle, the same metal in the former of these being immersed 
in sulphuric, and in the latter in concentrated nitric acid. The 
difference of tension in a Becquercl's battery is far less than in 
one of class I.) This ir^trumeDt has served no other purpose 
than to establish the &cl. that a state of electrical tension can be 
induced by contact with two heterogeneous fluids. The iron 
battery is much more effeclive, as the polarization of this metal in 
the concenlrated nitric acid causes a very cotisiderahle degree of 

3.) BatteHts combined of two hrterOfftnecms electnm^Aort urilh 
lio different liqiidt ,- these are a recent discovery, and are the 
most effective of all the varieties; i.e. by means of them the 
majimum difference of tension between the electromotors is 
produced. Among this class we may name DameU'i ztiK ttnd 
copper battery, in which line stands in contact with sulphuric 
acid, and cop]>er with a solution of sulphate of copper; Grooe'i 
sine and platimm! Sturgeon't zinc and iron; and Baniin'$ tine 
and carboa balteriei, in which tiie zinc is placed in coniact with 
sulphuric acid, the platinum, iron, and carbon with concentrated 



The construction of these halleriea adn; 
modifications ; from which, indeed, the differ, 
hear are for the most part derived. 

1.) Slygk-fluid bBlleriti. To/fa's battery a 
plates of copper and linc, between which e 
of flannel or paper of the same siie, soaked i 


mt names they 

insists of equal 
ire laid pieces 
in the eiciting 


In 'ffoHiuton-i battery (^jj. ISO.) the line plate i) sur- 
Fig. ISO. rounded by the copper one, which how- 
point, there being a space of J of an inch 
or thereabouts all round between the two. 
The two plates are to be immersed in the 



Oersted's trotu/H apparatus is essentially 
the same with the preceding battery. It 
consists of a trough of copper plate, in the 
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form of a pirallelopiped. nboul J an iiich vide at the bottom ; 
ill it the line pUles aie arranijed so u not to touch tbe 

copper 1 the trough aervet also to hold the liquid. 

Hare'i tpiral balltry (Jig. ISl.) consists of two zinc and 
r;„ ini copper plates of equal length, rolled lo- 

t'S- 181- gether in a spiral form, to that they aie 

about \ of an inch asunder. Their parallel 
position is given to the spirala hy means of a 
vooden cross at top and bottom, vith notches 
intowhichthe platesarefastened. Bothcro&ses 
c c have a common axis. There is a handle at 

top, and to each of the metal plates is attached 
a mercury <up + and—. This eombjnation 
is then set in a glass cylinder large enough to 
receiie it, in which the liquid is placed. I'hia 
apparatus has one adranlage, that metal plales of a con- 
siderable siie can be used without their occupying much 

Ffltaday recommends, to ensure a powerful action of these 
batteries, the use of a miiture of 200 parts of water, 41 parts 
of sulphuric acid, and 4 of nitric acid, [f the effect is desired 
to be less violent but more permanent, he recommends a so- 
lution of common salt, or a mixture of sulphuric acid, with 
from 30 to 30 times iti quantity of water. The electromotive 
power will be increased and rendered more constant by 
amalgamating the line, which can be accomplished most 
readily andchcaplyintbe following manner t—Fiist, immerse 
the rough line plates in a weak solution of sulphuric acid, 
containing from 6 to 8 times as much water as acid, until 
the ihin film of oxide is dissolved; then wash them with 
water and place them in a dilute solution of nitrate of 
mercury. After a short lime there will be found on the 
surface a perlectly uniform amalgam of linc; when this is 
formed, wash the plates with water and rub them with 
sawdust. 

2. ) Battcriet toiih two different 'Kjut'dt. In these the two 
liquids must be so placed as to establish conduction without 
their Iteiiig allowed to mii. This is best eflTecled by inter- 
posing some porous substance between them; thin cylindrical 
cells of porous porcelain, slightly baked, answer best. Place 
a cell of this kind in a.cylindrical glass, an inch or nn inch 
and a half wider than it in diameter; in the earthen cell, 
place one electromotor with its appropriate liquid, and in the 
glass vessel the other with its liquid, taking care that the 
two electromotors are not more than from jth to Jth of an 
inch from the walls of tbe porcelain cell. 
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A sectional Yieir ia given in fig. 
Fig. 182. 1S3. of the most itdvsillageoua ar- 

rangement of a Daniell's battery, 
c c is a copper cylinder with bottom, 

Cshow (the outer glass Tessel is not 
pp U the porous porcelain cell, in 
stands. Pourasaturaledsolutionof 
sulphate of copper into the copper 
cylinder. That the action of this battery msy he consUnt, 
ibe strength of the solution must be mainlained. For this 
purpose two concentric rings of copper wire connected to- 
gether by zig-zag wires £t round the porcelain cell, and rest 
on b and i against the copper cylinder. On this net-work 
such a quantity of the copper crystals is to be laid, as by 
their gradually dissoiiitig will maintain the liquid at its re- 
quired strength, and so repair the waste caused by the 
working of the battery. Ifyiolent action is desired, use I 
part of concentrated sulphuric acid to from 4 to 9 pans of 

fiOto 100 of water. 

In Grove'i battery {fig. I S3.) the amalgamated line cylinder 

Fig. 183. is placed the earthenware cell pp, intended 
to receive the plaliaum. Leaf platinum will 
z \z be found the most conTenient, and to save 

expense it may be had thin. To ensure at 
tbe same time a large suT6u:e of this metal, 
" "^ and action on both sides, Griiel'i arrange- 

ment may be adopted. The leaf platinum ia 
attached by means of wires of the same metal 
to a central stem, so as to form four or az 
flap ; the whole bos one common conductor. 
Poggendocf recommends as a more simple contrivance, that 
the leaf of platinum he about half as brood again as tbe 
diameter of the porcelain cell into which it may be made to 
go by bending it in the form of an S. By this meaos, alt 
cutting and fastening of tbe platinum will be dispensed with, 
eiMpt only festenlng it to tbe "Wire which is to serse as 
tbe conductor. Fbff employed a porcelain cylinder ooated 
with platinum, instead of a leof of this metst. This will be 
rather cheaper than the rnetal itself but as far as my ei< 
perience goes, these cylinders are less effbctlve than an equal 
■uriace of platinum, and I have used the cells both from tba 
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mBnufactorir at Capenhagen. and also from that at Meissen, 
Tlie liquid used to act upoD the linc ia sulphuric acid di- 
luted with from 4 to 9 part' of vateri thst on the platinum, 
nitric acid whose specific gra«ity is 1-33. 

In Bvnien'i battery, charcoal is substituted for the expen- 
sive subitance, plalinum. For a length of time, attempts bad 
been made to use for this purpose graphite (piumbago) in 
its natural ;tat«, and also the masses found in gas retorts ; 
but the difficulty with which portions could be met with of 
sufficient size and of conieiiient Ibrm, imposed on insuperaUe 
obstacle. Professor Bunsen has, however, succeeded, by 
lepeAtedly heating a raiitureorpuWerized coal and cake, in 
obtaining a strong parous mass, which, as regards its con- 
it can easily b« worked and made to assume the required 
forrti. Bunseu has Tarioualy constructed his balteriea; one 
of the simplest combinations, perhaps, Is the following, which 
nearly resembles Grove's. (See fiy, !fi4.) C is the carbon 
cylinder, substituted for one of platinum. 
Fig. 184, standing in a porcelain cell pp, whose dia. 

oarbun. pp is enclosed in an amalgamated zinc 

lines greater than that of the earthenware cell. 
The whole is placed in a gUss G G about an 
inch, or an inch and a half wider than the 
earthenware. DHlt a hole m n in tlie carbon, 
to within an inch and a half of the bottom, 
and about one third of its diameter in width. 
Into this cavity concentrated sulphuric acid is to be poured, 
by which the parous mass will soon be penetrated. Fill 
the interval between the eaithenware cell and the caHMn 
cylinder with the same acid. A copper ring r, which lita 
the latter lightly, serves as a conductor. The zinc is acted 
on by sulphuric acid, with from 4 to 9 parts of water. 
Bunsen has since modified his battery, by making the 
carbon cylinder open al bottom, and of sufficient size to 
contain the earthenware cell in which he places the lino 
element. 

With equal surfaces, the powers oTa platinum and carbon 
Battery are nearly equal. They are both far superior to a 
Daniel's constant battery. Jacob! says 6 square inches of 
platinum in a Grove's battery are equal to 100 inches of 
copper in a Daniell's battery. According to my own ex- 
perimenla I (bund, that to produce equal effects, it required 
16 times as greats surface of capper as of platinum ; ahd in 
a ipirst battery, on Hare's conitruction, I found SW tiifus 
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the surfsce of copper was needed lo tliat of [datinum to 
iiuure equal efTecu.* 

Now, althougb Grore's and Bunsen's batteries are more 
powerful than Daniell's, jiet the latter has this advantage 
over them, that its action is tbe most constant, its electro- 
motive force being but little impaiied b; the battery's being 
- kept at work for a whole day. There is this additional in- 
convenience connected with the use of both tbe platinum 
and carbon batletiea, that the nitric acid used in them, in 
proportion as it is concentrated, becomes converted the more 
rapidlj and profusely into nitrous acid, the vapour of wbicli 
is both prejudicial to the breath and injurioua to many sorts 
of apparatus. In platinum batteries this evil ma;, in some 
degree, be remedied bj means of a lid, made to lit the 
earthenware cell. In the carbon batteries it is less easy to 
apply this remedy. Warrington and Dr. Leeson substituted 
fbr the sulphuric acid a liquid composed of 3 parts of bi- 
cbromate of potassi, 4 of concentrated sulphuric acid, and 18 
of water. Poggendorf says that he found the electromotive 
influence it eicited in a carlion battery equal to that pro- 
duced by sulphuric acid, but that its character was less 
steady and permanent ; when used with platinum batteries, 
he says, it is ^ less efleclive than sulphuric acid. ^ 

§506. 
The tenrion eiclted between the^^lectromolors of any simple 
voltaic arrangement is, after all, veryt.f^ble. Its intensity may, 
however, be increased by connecting several of them together ; u 
discovery which has immortalized Volta's name. A combination 
of this kind is termed a coniptnmd hydro-tlectric batttry, or a 
Voltaic pile or baUtry ,- sometimes it is called a galoanic hatttry. 
In constructing it, tbe like tnelals in the individual batteries 
must all be ranged one way ; as for instance, all the copper ou 
the left hand and all tbe linc on the right ; and in this order the 
heterogeneous metals must he joined by s. good conductor, or else 

The essential form of such a combination may be repre- 
sented in the BDneied diagram : 

CJZ~CiZ~CIz''c/Z, 
C brapg the copper, Z the zinc, and I the intermediate 
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b they ai 
an: ine chief: — ■ 

1.) Singh'JIaid baUtriti. — The oldest of all, invented io 
ISOO, and stUl in frequent use, is named after its inventor, 
the Vallaic pile. It consists of round or square plates of 
copper and line, commonly from I to 4 inches across. The 
pile is farmed by placing them one on the other, a ziao and 
a copper plate being soldered together throughout. Care is 
to be taken that all the copper plates are underneath, and all 
the sine uppermost, or tries verii. Betneen each pair of 
plates insert a piece of flannel or pasteboard, saturated with 
the liquid I, vhich is generally either dilute sulphuric acid, 
or a solution of common sail; and the elements of the gal- 
vanic circuit will stand in the following order, beginning 
fluin the bottom of the pile ZCl ZCl ZCl, &c Wbea 
from 30 to SO purs of plates have been thus arranged, the 
flannel soaked in die liquid will be subjected to such a 
pressure, that a great portion of the liquid will run down. 
If, theieFbie, the number of plates is considerable, say 100 
or more, it would be better to make two piles of 50 pairs 
Aach, near together, but in ins'crse order, and connect either 
the undermost or the top plates by means of s strip uf 
copper. In this arrangement, the outermost zinc and tbe 

not in contact witli the liquid, and tbe last copper plate will 
have a positive electrical tension, and the lost zinc plate ft 
negative tension, just tbe same as in tbe single battery. — 
The electromotive power in such piles is increased by anul- 
gamating the line plates ; iu which cose the suiphuric acid 
may advantageously be ditnted with from 20 to 30 times it* 
amount of water. Muncke asserts that its power may be 
increased Irom two to fonr fold, by covering tbe pasteboard, 
which is to be soaked in the liquid on one side, with 
powdered black-lead, and laying that side neit the copper. 
The electromotive power may also be increased by substitut- 
ing some more negative metal, as silver for the copper ; and 
according to Bunsen, the maiimum effect is gained by 
making the pile of amalgamated sine and copper plates, and 
uung Warrington's cliromic acid liquid, described a little 
higher up. Bunsen says, that from a cylinder of fine carbon 
(for ill preparation, see the preceding section),? inches long, 
100 slices may be cut, which will not require cleaning like 
the copper discs, aa they need only to be kept in the liquid 

Compound batteries may in like manner be formed of 
Wollaston's trough apparatus. Oersted's trough or H>re'a 
^linl batteries merely observing t« plao« tine inin'idutl. 
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ra of It ill tilt same oider, and then cgnnecting them 
by means of copper wires. The whole is to be immersed in 
the liquid, either in a trough of sufficient size to contain it, 
or the liquid must be poured into the separate copper or 
glass cylinders. 

Faraday's trough apparatus, improved by Young, will be 

found very couvtnient for readily constructing an efficient 

pile of many plates. The copper and amalgamated zinc 

plates, presenting a surface of aboi't4squBre 

Fig. 183. inches each, are to be ranged alternately 

"" '- -len frame. E.crv two copper and 

s are connected by a Blrip of metal, 
wa in fig. IBS. When seierat 
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After the plates hare been thus arranged, plunge them into 
■ trough of coaveuienl size, of either wood, earthenware, or 
japanned ware, containing either sulphuric acid diluted with 
from twenty to thirty times the quanuiy of water, or Fara- 
day's liquid, the composition of which we have gioen above. 
When tbe operation of the battery is to be discontinued, you 
have ordy to lift out the plates by the common frame in 
which they all stand. 

The following batteries of this class merit ■ brief notice . 
on account both of their magnitude and their- rematliable 
performances. The great battery of the Royal Institution 
in London consisted of 2000 pairs of plates, each of which 
had an efiectiie surface of twenty.two square incliea; it was 
with this apparatus that Sir H. Davy made the importaut 
discoiery of the compound nature of alkalis, and thiie prac- 
ticability of iheir being decomposed. Next to this we may 
mention Children's great plate battery, which contested of 
16 pairs of plates, combined on Woilaston's principle, each 
plate being 6 feet long by 3^ feet wide, ho that the effective 
copper surface of each was 32 square fuet, and when these 
were connected in out [he entire surface amounted to 512 
square feet. Hare's deflagrstor or cidorimoloi was combined 
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of 80 line and copper spirttls, ihe ziae auriuce coEliin'ms 54 
si|iiBre inchei, and the capp«i SO nquare incbes. Slratingh's 
deAsf^tor cotuLsled of 100 pairs arrani:^ on WollBston's 
principle, cacb line surface prewDting 300 iquare inches; 
it could be uaed either as a pile uf 100 pieces, or as a Nngle 
battery of 40.000 square inches of line (or £77 square feet 
of zinc, and £44 of copper). 

All these ungle-fluid batteries bare, boTever. fallen into 
diBuse. except when powerful physiological effects 4§ 515.) 
are to be produced, since the dlreOTery of the great . efficacy 
of batteries with two liifuids, which with a smaller number 
of pieces (aryiuK from 2 to 40, of average dimensions, (having 
■n effective surface of ft'om SO to 100 square inches,) eiert 
a power equal to that of the gigantic battery belonging to 
the Royal Institution. 

Tliese batteries are made by combining either Daniell's, 
Grove's, or Bunsen's single batteries, arranging the indi- 
vidual members of the compound battery near to one another, 
and connecting the heterogeneous electromotors on the prin- 
ciple of a vollnic pile by strips or wires of copper. It is 
convenient to divide the number of component members into 
two equal factors, that they may lie easily arranged in a 
reclangular space. The Grove's battery, constructed by 
Jacob! of Petersburg, contains 64 platinum plates, each of 
36 square inches surface, so that their combined sur&ce 
amounts to 1 6 square feel. Probably this is the most power- 
ful battery ever made, not excepting even that of the Royal 
Institution; tor, according to Jacobi's comparative estimate 
(see the preceding paragrapb)> its effect is equal to ■ Da- 
niell's baltrrv of 266 square feet, or B Hare's battery of Dearly 
5500 square feet. 

It is of essential importance in all compound batteries, 
not to waste the electromotive power, and to ensure their 
utmost efficiency, that a perfect metallic contact should be 
established between the parts by means of short and good 
conductors. Copper wire, or strips of copper of suitable 
thickness, are the best conductors; if lliey are not imme- 
diately fastened to the heterogeneous metals, as in Wol- 
laston's and Young's baiteties, small cups may be soldered 
on to the metal pUtes, these cups filled with mercury, and 
the ends of the connecting wires immersed in this liquid 
metal. Or the many inconveniences attending the use of 
quicksilver may he obviated by the use of copi»r binding 
screws. In this esse care must be taken that the contact of * 
the meUls is perfect. This will be best >.ecured by electro- 
gilding (§519.) the points of the contact, which maybe 
done at a small expense and with little trouble. A screw 
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! represented in 
I a strip of metsl 
twnt at Tight angles, and 
soldersd on to each oC tlie 
electramoMn; on it stands an 
upright piece of metal 6, 
turning on an axis or screw. 
In this upright a hole is 
drllledtorecciyethenutrtby 
vhicli the strip of metal c is 
secured to b, A notch is 
made at_^ in this last-named 
little bar, bj which it may 
be fastened Co the neit piece 
of tiie battery by its connect. 
ing screw. AU ihefie pieces 
of apparatus should be of 



In any one of the batteries we have just been dcseribi:ig there 
arises a peculiar induction of (he tension, excited by the contact 
of tbe electromotors with the intermediate fluid. The + and— 
electricities, elicited in the res)>ectiie metals, are urged in op- 
posite directions 10 the sides on which the similar electromotors are 
ranged, the connecting wires and the intermediate liquids acting 
as conductors. The dissimilar electricities are accordingly 

which are hence called polrt ; that being termed the pmilivt pott 
towards which the + electricity tends, and the other the negalivt 
pole towards which tbe —electricity moves. 

As in the arrangement of a common loltaie battery (see 
the preceding paragraph), its poles consist of a pair of zinc 
and copper plates, and as the outermost plalc of the -I- pole 
is line and that of the —pole is copper, the 4- pole has some- 
times i>een called the ixnc pole, and the — the copper poie. 
IF, according to the construction described in the preceding 
paragraphs, the lost member of tbe circuit, the copper for inslaikcc, 
be connected with Che earth, its state of positive electrical tension 
will disappear, and it will acquire O eleclrioitj. The electrical 
tension of the other electromotor of the voltaic pile communi- 
cates the like tension by means of tl 
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conwquenlly, tbe eleetricily a carried oB* from sll the eleetro- 

motorB of the saine name (in tbe ose Eupposed from the copper 
ptates), vbieh lie on the side that is in contact with the ground. 
The electricity of the other electroiootors, i. *. of the line plates, 
will be th« turn of that of the successive pieces ^ thus the intensity 
of the —electricity towards the opposite pole increases id aritb- 
meticid progression, so that in the nth plate of the battery, tbe 
teniion would be n times greater than in tbe first. The same 
ratio (Atains with regard lo the + electiicity, if the outermost 
line plate be connected wilb the ground. Biot, who has per- 
Tormed a number of eiact experiments to ascertain this point, 
found tbe electrical tension in such batteries was altogether 
independent of tbe magnitude of the ell^ive areas of tbe eleo- 
tiomolors; so that, it' the electromotive combination of two 
batteries be alike, and they consist of the same number of plates, 
the intensities of their tensions will be equal, eren though the 
electromotors of one batter; be 100 times larger than those of 
tbe other. 

The anneied diagram will perhaps render more eaaly 
intelligible the increasing tension and induction of tbe 
electricity in compound batteries. C expresses the copper 
which is in a state of poaitire, and Z tbe zinc, which is in a 
state of negatite tenuon ; I a tbe exciting lii]uid for the two 

metals; s the connecting wire between them; and the 

;M^-^ marks the direction taken by the ■<- and— electricities 
in the circuit; tbe intensity of the tension in each single 
battery is assumed -' 1 , and the eitretne copper plate is sup- 
posed to be connected with the ground. 
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lhaveasimilarseheme,withthiidifler- 
uion increasing through the succes^ve 
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■mbCTs of the battery will be po«ili 



: these 



Next, wc will suppose both the ends ur poles of the battery to 
be insulated ; we will furtlier assume its electromotors to be cop- 
per and zinc, that the former is on the ri);ht and the latter on 
the left hand ; then it follows that the + electricity of ibe copper 
runs through all the plates in the circuit to the left hand, and 
tht — electricity of the zinc to the right. Hence there proceeds 

towards tbe left hand, and a similar accumulation of — eleclridty 
towards the right ; so that the two estieme plates exhibit an 
increased intensity of tension, whilst in the centre it ceases alto- 
gether, tbe centre being, in fact, its point of indifference. Re- 
move the connecting wire from any two members of the series, 
and you obtain two batteries, in which tbe same electromotiie 
condition is found to exist as has been just described : disconnect 
a second wire and the lite occurs again. 

Tbe following diagram will perhaps render the above 
more easy to comprehend ; the same signification is to be 
attached to the symbols as in the former scheme. Assume 
^ the tension between the capper and the linc^I, then, if 
each is perfectly insulated, the diffeience of their tensions 
will remain the same, that of the copper being H J, and that 
of the line -1. 



Diagram of a Battery of Three Fairs of Plates. 
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M of ■ Battery of Four Pain of Plates. 
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Electroscopic obserrMlons will at once prme the eiisWnee 

or theH particular Mates of teiiuon in tbe difTerent batleries ; 

if, however, the electroacopes or electrometers used are not 

sufficiently delicate to indicate the tendon, we must call in 

the aid of a condenser, by means of wliich the feeblest degree 

of lenuon will be rendered visible. 

Compare ■ pile both whose pules ere insuUted with another, 

one of whose poles is connected with tbe ground, and tbe fol- 

lowing difieiencG* will be observable: *— That which is not in* 

Bulated shows throughout its whole eitent only -l-or only — elec- 

trieity, the other baa O electricity at the pole in connection 

with the ground, from which to the other pole the intensity of 

the tenaion continiudly increaaes. In the battery whose poles are 

ioButaled, both aperies of electricity are found proceeding from 

the centre or point of indifference, so tbat one half containi only 

+ and the other only— eleclricily, increasing equally in intensity 

towards each pole ; bowevet, the intensity at each polo of tbat 
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The insuUted piles in this respect pre»nt a striking analogy (o 
the polarity of a bar magnet, in one half of which in like manner 
■t- electricity resides, and - tlecliicity in tlie other half; in the 
middle, between tlie two poles, is the point of mngnetic quiescence, 
or electricity ; uid if the har be diTided, each of the fragments 
acquires a siniilar polarity. (§43G.) 

§508. 
es already described there are some 
i camposing the indiiidusl membera 
of the battery are somewhat differently combined, vii. the dry 
piie», pita of tuo tttnaUt onty, and Kcomdartf pUrt, 

The first, called also after their inventor, Znaionft pikt, iaSet 
fVom the common hydro- electric batteries principally in this, that 
the presence of the electromotive liquid is dispensed with in them, 
and that in its place is substituted some moist substance of low 
conducting power, generally paper. 1'he electromotors in these 
piles are composed for the most part of Dutch gold (copper) and 
»il«er (line) paper pressed one on the other, with their paper sides 
ti^ether, out of which discs are cut with a diameter of from 
\ of an inch to an inch. More powerful pairs of plates may be 
obtained by using only the silver paper and smearing its paper 

peroilde of manganese has been iprintled, and all the sides airoi- 
iarlf coated are presented one way. Fowetful pdra of plates 
may also be made by pasting pure gold leaf on the paper tide of 

ordinary loltsic pile, one above the other, so that the similar 
melallic surfaces may all lie one way ; ptess them tightly to- 

into a glass tube of convenient size. The metal rims of the tubes, 
which must he well connected with the outermost pairs of plates, 
form the poles of the pile, the negative pole being in the extreme 
zinc surface, and the positive in the eitreme copper or manganese 

Tlie electromotive energy called into action in these dry piles 
Is less than that excited in (he moist or hydro-eledric piles, prin- 
cipally on account of the imperfect conduction of the pajier. The 
accumulation of electricity at their poles also goes rai less rapidly, 
and consequently the electrical tenuon continues for a long while 
unaltered; whereas, in all moist piles, even in the most conitant 
of them, the tension is maintained, comparatively speaking, for 
but a sboTt lime, on accaunt of. the chemical action and decom- 
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posilion of the electromotiTe fluid — lausee of distutbanee which 
do not exist in the dr; pile. To render the electrical tension of 
s Zambooi'a pile immediately peraeptible on an electrometer 
without condensation, the pile must consist of at least ftom 600 
to 1000 pairs of plates. 

Behrens, Deluc. BioC, Jager, Ritter, Kamtz, and others 
haie at diSerenl times employed various materials in the 
construction of similar dry piles, but nore have been found 
to be equal in power to those made cf lino-paper and man- 
ganese. Watkins, of London, made a remarkable pile of 
only one metal, and without any intermediate conductor. 
It consisted of from 60 to 80 zinc plates, about 4 square 
inches in siie. purely metallic on one side, but on the other 
covered with the ordinary tilm of oiide. Thefe plates were 
so arranged in a wooden trough, that all the clean metallic 
surbces stood one way, and between each pair of plates there 
was an extremely line stratum of air, as they were not in 
immediate contact. In this apparatus the two lino sur&ces 
acted as the two difTerent metals do in other piles, and the 
film of damp air performed the part of the paper. 
The length of time during which the tension of these piles 
lasted led to the construction of a kind t^ electrical perpetual no- 
Mon. It is formed by placing two Zamboni's piles (j!^. 187.), each 
containing at least 1000 pairs of plates, in a 
Fig, 187. vertical position within IJ inch or i inches 

of each otber, so that theur dissimilar poles 
may be opposite both at top and bottom. 
The loner poles are then connected, by 
means of a strip of copper, but the upper 
terminate in two metal knobs. Now, be- 
tween these two polar balls, place a light 
pendulum, just balanced above its centre of 
gravity. The pendulum rod should be of 
glass or gum-lac, and on its top it may carry 
a small ring or ball of goid or silver, which 
on eomiog in contact with one of the poles 
of the battery is impregnated with its elec- 
tricity. It is then repelled, both being 
similarly electrified. 'ITie other pole attracts it, electrifies it, and 
then repels it. and thus this oscillating movement is maintained 
without cessation. As the action of these piles is, after a time, 
impaired by external causes, the eipectation has not been realiitd, 
that they would supply a perpetual motion. 

Bohnenberfser's electroscope, improved as it has since been by 
Becquerel and Fechner, is an apparatus of lar greater utility than 
that we have just described. It acts on the principle of the per- 
manent teasioo in a Zamboni's pile. We have already (§4Sa) 
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described this eitremely delicate instrument (j!;. 157.), and tune 
pointed out its application. The action of the small drj pile on 
the electroscopic gold leases, librsting between ics tno polei, will 
be perfectly understood froni what has just been advanced. 

TliepilaoftiBO elemenU otdg, likewise an inienlioD of Zam- 
booi, consist of one metal and one intermediate conductor, 

laid with all their metal sides one wt,j; if the latter, a number of 
pieces of tinfoil of some such shape as this ^.are laid in two 

pointed half lies in one glass, and the broad end in the other. 
After some time these piles acquire at their poles a feeble elec- 
trical tension, which the; will maintain for seieral days, the metal 
pole exhibiting + electricity in the dry pile, and the pointed end 
of the zinc being + electrified in the moist one. 

The ttcondari/ pikt, soiaelimes also colled Riller't piles, cunusi 
of alternate layers of homogeneous metal plates, between which 
«onie moist conducting Bubetatice is interposed. When tbey 
stand alone no electromotive tension is eiciied ; but after tbey 
have been for some time connected with the poles of a Toltaic 
battery, if tbey be discomiECted from it, the end which was joined 
to the positive pole of the battery will have become + electrified, 
and that which wasconnected with the negative pole will be — 
electrified. A umilar effect may beproduced in silver, gold, and 
platinum wires, if of sufficient thickness, by connecting their 
ends alternately, the one with the + and the other with the — 
pole o( a powerful battery, and maintaining this conneotion for 
about an hour. The charge is only transient in iia duration, 
and passes off the more quickly the fuller the tension in the fiiM 
instance. Various attempts have been made to eiplaln this 
phenomenon, which seems most probably connected with sonie 

C. Ftllim nia if 



§509. 

Both simple and compound voltaie batteries, in the eoDdldoD 
which we have considered as yet, display their electromotive ac-. 
tivity solely by the tlectropoiar tenaitm of thrar elements, the 
electromotors being excited by contact with the intermediate. 
liquid, or witli some dry conductor. The intensity of this taosion, 
compared with that produced by friction, even in batlcrteff coo* 
aiiting of a great number of plat^ is extremely weak, oa eleotm- 
atopic obaemtioDS prove. 
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' Thia is soRietimea eaUed the deehotlalic conilidon, vhleh may 
be eoDierted into the tteetndi/nttmic by connecling the two eleC' 
tiomotorB of > ungle, or the two poles of a compound, battery 
together, by raeans of any good conductor. The i electricities 
rsDdered aensible are <et in motion, and a current is genejated 
the tame at in frictional electricity, in which the +electrieitieB 
combining produce O electricity. The connection* may be Tari- 
ously formed, the main point being that they be of good con- 
ducting materials (§ 469, ), howeyei shaped or combined, as sub- 
stances of low conducting poirec would not transmit the current. 
The connection is established in the moat simple muiner possible, 
by placing those parts of the electromotors which are not im. 
mersed in the liquid together, or else they may be Joined by a 
wire or strip of metaL Other conducting bodies may form parts 
of the circuit, as u. gr., a fluid, a living animal, or vegetable, &c. 
Outside the simple Toltaic arrangement, the current goes from 
the negative metal, as being the electromotor which ix in a state 
of positite tension. Outside the compound battery it nins from 
the + pole through the connecting are to the negatively eicited 
electromotor ; that is to say, to the positive metal, or to the 

exactly the opposite direction ; that is to say, in a single voltaic 
arrangement from the positive metal through the electromotive 
fluid to the negative metal, and in > battery (tarn the negative 
pole'through all the intervening pairs to the positive pole. In 
the single batteries represented la fig: 175 — 177, the direction 
of tbe currmt is mariied by arrows. In this case, by the current, 
is to be understood only tbe poutivs one ; the negative current 
■rises umultaneoiuly with it, and luni in an opposite direction. 
(S«8.> 

§5ia 

Fartday hu adduced a variety of prooft to establish the iden- 
tity between electricity eicited by contact and by friction ; the 
important distinction between them is, that in the former, the 
eiciting cause is constant, and by consequence the effect it so too, 
but in friction electricity this is not the case. The conductor of 
an electrical machine when ' charged, as we have already seen, 

blished by a good conductor between it and the ground, and we 
can only obtain an approximation to a constant stream in a good 

the prime eondudoi and cushion. An electrical battery shows the 
same'defect, for, when it is discharged, the current scot through 
tbe conductor is instantaneous, and to jranew the eSeot tbe Iwl-' 
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tery must be rechirged. In a voltaic batterj, on the eontrarj, 

is established with the ground, its electrical tension is eicited and 
maintained, and when the circuit ia completed, the stream is 
emitt^ uninterrupledly ao long as the circuit is not broken, and 
•0 long as no change lakes place in the electromotive pavers of 
the electromatoTB and their intermediate liquid ; because, so long as 
the + electricities in the interior of the batteiy neutralize each 
other by the current, the condition ia re-established on wliich a 
Aew electromotive eiCJtation depends. Again^ there is a difier- 
ence in the ejects of voltaic and friction electricity, owing to the 
quantity and intensity of the electricity developed by each of 
these modes respectively. By Iriction, a current ia obuined of 
great intensity, but containing a small quantity of the electric 
fiuid j by voltaism, generally speaking, a much larger quantity ii 
developed, but always of a low degree of tension : hence the 
largest electrical battery may be charged, by means of a voltaic 
pile, ioiitantly to the degree of tension shown by the latter at its 
poles, by connecting the two together by means of wires. A still 
more decisive proof of the difference as to the quantities of elec- 
tricity obtained irom these two sources ia afTorded by an experi ■ 
ment of Faraday's, which will be eiplained below. (§512.) In 
consequence of this difference, all those operations which depend 
principally on the intensity of the electric Huid are more feeble in 
^e voltaic Chan in the ordinary electric current, while such as 
are dependent on its quantity and duration are stronger than 
those of the latter. The above remarks must be understood to 
refer eiclusively to hydro-electric batteries, as the cutrent emitted 
hj the dry piles is extremely fbehle. 

Ssii. 

It' DOW remains that we should describe and explain the dif- 
fi^eal effects exerted by a hydro-elecrric current in its passage 
through different bodies. To do this properly, and to judge 
correctly of its influence, we must first learn on what the absolute 
force of a current particularly depends, and by what causes this 
force may be modified. Accurate conclusions as to these matters 
have only been arrived at within comparatively a few years, to 
which conclusions we have been conducted in part by the shrewd 
theoretical deductions of Ohm, and the careful observations of 
Pecbner and others. 

In all investigations of this kind, it is requisite tliat we should 
have an accurate measure of the intensity of ihe current, in order 
ta learn the influence exerted on it by the vaiied combinations of 
the batteries, and the changes which arise in its intensity. 'Jlie 
Afferent etteeU which the current produces ftimiah m with luch 
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■ meuure ; Ihej' are doI, however, all equally well adapted fbr 
this purpose; we aliall prasenlly (§ 522.) ihow which are to be 
preferred, and how they are to be applied. 

There are two factor* which especially determine the absolute 
intensity of the current, and on whose lariations the inUnsity of 
the eflects produced regularly depends. Oas of these, whii ' 






;eiting c 



of the electric 



•e force itself', snd the other, or caodi^ng cause, 
is the mUlanct to Us eondattion. 

The electromotiTe force depends on the qiuaitilj/ or nu« of 
electricity set in motion. In simple voltuc amingenients the 
quantity of electricity eipresses the difference of the tension be- 

which they are combined (§ 505.), and also on the eiteot of their 

battery the whole force will be proportional lo the sum of the 
electromotive forces of the individual pairs composing it. 

The retardinff force is compounded of the different obstacles 
which impede Ihii progress of the current; it forras the factor 
by which its effect is ruore or less impaired. These obstacles 
arise in part trom the imperfect conductiaff power of the bodies 

current encounters every time it passes from one conductor to 
another. 

The amduclmg power of a body, or its capacity for transmitting 
electricity, varies with its material structure ; that of the nietala 
is some millions of tii^ies superior to that of the best conducting 
liquids, with which they have been compared. 

The conducting powers of the metals, iwertaiued in 
various ways, are as follow : — According to 
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C^ = 1 
BrilH — 1 



Sff' 



The above numbers express the relatUe lengths of the 
wires vhich, with equal diameters, conduct the same quantity 
of electricity. 

ing to the temperature aod the force of the current: Lenz'a 
experiments on (his subject prove that the conducting power of 
metals decreases when their temperature is raised, that the rate 
or this decrease varies in different metals, and that in all it is 
confined within certain limits : with regard to liquids, Moiiani 
lias sbovrn that their conducting power n increased by raising 
their temperaUiTe. The current of electricity itself, as we shall 
see presently, is the principal cause of the conducting bodies' 
increase of temperature ; it acts variously, according to the 
nature of the liquids employed, chemically decomposmg them 
as it passes Ihrougli them, and thereby, in a short time, fre- 
quently impairing their conducting power to a great eitent. 
' ■ ■- ■ ' ...... onducting power any sub- 



the curren 



tlie less will h. 

its transmission through such a body. The 
amounc oi mis resistance depends not merely on the ilructore of 
the conductor, but also on its length, tbicliDess, and temperature. 
Hence, tlist portion of the resistance in each body really owing 
to its material structure, can be ascertained onlv by giving equal 
lengths, breaddis, and temperatures to the bodies compared 
together. Fecbner, from eiperiments which he performed, with 
the accuracy and ingenuity for which he is distinguisbed, dis- 
covered the following laws ; 

T^ reiitUmce offered by Ihe mttaiSit portions of (Ac piU or 
baUery, is directly as their lengths, invei^y as tbrar transverse 
sections, (in vires, as their diameters squared,) and inversely 
alao as their conducting power, which is, however, influenced by 
their temperature. By length,' is to be understood their dimen- 

ITre retUtajite of Ihe liquid condiiclar is pioportiooal to the dis- 
Unce of the electromotors from each other in the liquid, inversely 
as tlie extent of the metailic surface acted on by the liquid, in- 
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Tersely alio u Ihe eoudueting power of the latUr, vhid), how- 
ever, U affected b; the Umpenture. 

Let I be the lengtb of the metallic conductori or the 
thicknen of the Mratum of liquid between the electro- 
moton I ( the tnnirerse Kction, or area of tbe surJkce 
Bated on ; c the eooducliog power ; and R the reuitance. 
whidj maj be expreved by the fblLowing fbnDula : 

R.J- 

(. c 
Besldn the railitance to conduction of the metallic lod liquid 
parts of the battery, tbe curreot bos further to oreicome the 
raiitatus to (nnmiunim each time it panes out of a liquid into ■ 
lolid body, wbelher it be an electromotor or merely a cbuductor 
of electricity, aod via tnrii. la this we haTe a Mriking analogy 
to tbe TibntioOB of sound, light, and heat, which are alvayi 
retarded by paHing out of one medium into another ; and if the 
idea be correct, which some have entertained, that electrical 
phenomena are caused by certain undulations in the Kther, this 

manner as the retarded undulations spoken of above, Fechner 
first noticed this resistance, the eiictence of which, and tbe 
causes by which it was affected, he proved by a Tariely of eiperi- 
ments. Po^jendorf also peribimed numerous eiperiments. by 
which he was led to the following conclusions. 

The resistance to be oreroome by the currenl in its passage 
from the solid to the liquid, and n« etriS, depends on the con- 
duction of the eleetiie fluid in tbe interior of the bodies ; it 
varies, consequmtly, according to the nature of Ihe liquid and 
that of the metal in contact with it, being very much influenced 
by the ebersetcr of the sur&ce of the latter. The less powerful 
the electric current the stronger the resistance at the pcnnta 
where it quits one conductor for tbe other. If the mirbw to be 
traversed be changed, but the intensity of the current teioain ' 
the same, then the resistance varies in a ratio rather less than ihe 
inverse ratio of the increase in the sui&ce. If the temperature 
be raised it is diminished, and in the passage of the current from 
one metal to another it is indefinitely small. 

To estimate the mistance to conduction in s battery, we must 
be acquainted with tbe re«sUnce of some one commenmrable 
body, such as a wire of known material, length, thickness, and 
temperature ^ the resistance such a wire actually offers, or which 
it would offbr if it formed a part of the battery, will serve ai our 
umt of measurement. This resistance is estimated according to 
tbe results eS^cted by the action of the euirent, and il will serve 
as a unit for companng nmilar actions. Hence the resistance to 
the conduction of tbe current offered either by any other body, 
or by any particular part of tbe battery, may be expressed by 
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unit lit rtdtictd tn^cA, Bnd a body or a part of a battery af n 
timeB the reduced length ia equal to another whose i^sistince to 
conduction ia h limes that of the wire, vhich is considered ■< the 

If now we have ■ number of wires of Tarious metala, and 
of the same thickness as the normal wire, their lengths must 
be tespecUvely as tbeir conducting poweiai in order that 
tbeir reuitance to the Irananiisaian oTthe electric current may 
be Ute same as that of the normal wire; if this proportion be 
observed, we may substitute one of these wires for another 
to connect the battery, and in each case the resistance will be 
equal ; if the wires be of the same metal, but of unequal 
thickness, this resistance diminisbea as the squares of their 
diameter*. Suppose, now, the unit of meaaurement ia a 
oopper wire 10 inches in len^tti, then adapting the values 
giren by Riesa, an equal resistance would be offered by 
auiron wire of the same thickness and Ij Inches in length, or 
by a platinum wire li inchea long, or by a leaden wire 
l]Jl inches, or by a silver wire 15 inches long: each of 
tboe wires may be tf times longer, if it be n times thicker, 

like manner we may deterrnine the magnitude of the relard- 
which we establish the connection of the battery. Sup- 
copper wire that would ofler a resistance to tbe conduction 
of the electric current equal to that of the human body, we 
must first find what length of wjre would equal the reduced 
length of the human body. In order to determine the 
ratio between tbe resistance of any single member of tbe 
pile to tbe human body, we have only to substitute the one 
for the other, and thence determine the equivalent length of 
wire, which, multiplied by the number of pairs of plates in the 
battery, will ^ve tbe reduced length of tbe whole battery, 
and it will always be found that hi reustance to coitducrion 
it much less than that of tbe human body. 
Since, tberetbce, the conducting power of a body is intimately 
connected with the resistance a current of electricity has to over- 
come, the force of the current must always eieeed Lhis retarding 
influence, or motion will not enaue; hence it ia apparent why 
certain subataoees may act as conductors to a powerful current 
which are non-conductors to a feeble current, tbeirconduding 
power becoming an iiideGnilely amall magnitude when the current 
is weak. 
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Now, vith regard to the entire realitHnce ifhicb impedn the 
action of a bMteiy, it is made up of two parla, viz. out of that 
resistance vhicfa the current meets with in its passage through 
the battery and that which is ofiered to it in the connecting wirea 
eiterior to the battery itself. The retarding Torce in the battel^ 
is equal to the sum i^ the retarding forces of the different purs 
of whicb it is composed ; it results, therefore, irom the resistance 
to conduc^on offered by the stratum of fluid between the elec- 

firoEn the solid to the liquid and &om the liquiii to Ihe solid, and 
from the retarding influence of the metal connecting eontiguoua 
plaus. Hence it follows that in a similar combination of com- 
pound batteries the resistance will be proportioned to the number 
of plates. The reUrding force of the connecting wires necessarily 
depends on the material of which they are msde and on the mode 

tioD to the length and thinness of the wires and the lowness of 
their conducting power. It is especially aggravated by the inter- 
position of bad conductors in the circtiit, such as liquids or the 
human body, as by this means there is the fiirther impediment 
caused by the current's passing out of one medium Into another. 
This is, for the most part, that portion of the electric circuit on 
which the action of the whole battery is brought to bear in the 

alFect the total resistance of the battery. 

If now our <rf>ject be to determine the influence of an electric 

factor in exciting and maintaining the current, we shall find the 
following law of Ohm's important, as being applicable under all 
circumstances, and as referring to all the causes which tend to 
impede the action of the battery ; it is, that tie intmtity of an ■ 

(fcclnnnafipe force in opcmtion, and inverielg as Iht sun of aii Iht 

ftaction whose numerator is the electromotive force, and its deno- 
minator the sum of the resistance of all its parts. Let I be the 
intensity of the current, K the whole etTectiye clectromoliTe force 
in the battery, R its constant retarding influence, and r the van- 



By means of Ohm's fundamental law, which admits in its 
applications of the most varied developments, the first clear insight 
has been ^forded into the apparently intricate circumslances 
which afTect the performances of electrical batteries. 
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it, according to Ohm's rormuls, we put Ihe inlensit; of 
the carreat in a umple loluic arrangement whose eieited 
Burbce is 1, 



and in a single voltaic arrangement whose surfiice is n times 
greater than 1, the resistance to conduction being diminished 
iniersely as the area of its traosverse section, the intensity 
becomes 



Now, if the action increases or diminishes in any part of the 
battery, rither by an increase in the electromotive force (E), or 
by a decrease at any point in the retarding inflnences ( R + r), the 
action of the battery will undergo a corresponding increase or 
decrease throughout, i. e. the increase or decrease of the intensity 
caused by a lariation in the electromotiye or retarding influences, 
is equally distributed throughout the battery. As, furtlier, the 
eff^ of the current depends an Ihe quantity of electricity circu- 
lating in the current, the amount of electricity flowing through 
every section of the Iwttery will be equal, whatever its area or (he 
material of which it eonsists. Wherever the space is narrowed 
through which Che cnrreot flows, (he mass of electricity must be 
more condensed, whereas in a larger section it becomes propor- 
tionally rarei in both cases the quantity transmitted is equal. 
The area of the section through which it passes will therefore 
regulate the itrfnmly of the current, icAici in etary -part of the 

ductor threng/t aiKh it paisei, i, e. it increases in proportion as the 
area through which it is transmitted is diminished. This vari- 
ation in the intenn'Cy of the electricity whilst the jumfify remains 
unaltered, is the cause of many of the phenomena of the voltaic 
current. The reader must not confotmd the tntomlji of tie cur- 
teat in a battery at work with the intffnsity of the polar t^nricn tn 
an insulated battery ; for the latter depends on the quantity of 
electricity liberated by its an(agonist; it Is measured by the 
repuluoa of the particles of the dissimilar fluids, and is deter- 
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mined by its influeiuM on u electrometer i wbereu the inteiMty 
of a current of electricil; depeada on the qu*ntity of the + elec- 
tricities irhich ueutriiize each otbei at every point of the cnreuit 
contlDually. The total attiuUy of tbe cuneot will connquently 
be priqraTlioaal to the quuitity of electricity p»™i^ through 
eieryporUaa of the circuit, whilst ilarefaliK fntnuifywiU depend 
on the manneT In which the quantity of fluid at each paiticulsT 
poitioQ of the circuit eierls ila influence. 

Prom a conudeiation of the above, and especially from the 
eiplanititai given of Ohm's law, as to tbe inteniity of the ciureot 
in a voltaic battery, we may draw the following inferences as to 

1.) When the reaistaoce to conduction ofibred by tbe eooiMCt- 
ing wires is very small, compared with that in the battery iUelf. 
the battery does not act with more power than each single pair of 
plates oompodng it ; but a single voltaic arrangement acts the 
more powerfiiUy the greater the excited sutfeco of its elee- 



D tbe preceding fbrmuln, become 

^ R' ^ ="aB ' - R ' 

or they are as 

I :i':i"-E :£:■£. 

3.) Now in the converse case, that is, when the rewstanoe to 
conduction in the connecting wire ot other body is very great, ta 
compered with that of the battery itself, then the actioa of the 
battery is more powerful, according lo the number of pairs of 
plates componng it ; but a larger pair does not act with percep- 
tibly more fbrce than a small one. 

In this case let R, the resisUnce of tbe whole battery to 
tbe conduction of tbe current, he indefinitely small as com- 
pared with r, that of the connecting arc ; then, neglecting R 
m the preceding fbrmuls, we have for tbe intensities I, 1', 
I" of the cuireDti, tbe following values : — 
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kE 



I:i':i"-E:i.E:E. 
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3. ) %Dce the resutance to be overcome by ■ compound hydro- 
electric batteiy, at any point of ita circuit, affects it) efficacy, we 
shall (ecure the msiimum effect from a current in a battery of 
given lui&ce, by nuking the tesislance in the battery equal to 
that which the current baa to ■urmount in the connecting wirea- 

1. ) But since, in the eonitruetioa of a battery, many eausea are 
in operation by which the electromotive force n»y be influenced, 
such as the polarization of the metals (§ 504.), the chemieal 
change produced in thdr lurfiuxs, or in the intermediate liquid*, 
it rolloirs that a permanent and almost unvarying effect in the 
current can be attained only in those batteriea where these diiturti' 
ing causes eiiit in but a low degree, oi where their forces para- 
lyse each other. 8ee§JlB. 

From the whole, then, it fallows that the efflisency of all vol- 
taic batteriea depends entirely on quantitative differences, and 
that the same force, I, is to ' ■--■■- ■ 



be made in either term ofthe formula I— „ , by which Ohm's 
l>w i* eipreMed. 
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S 512. 

The effects produced by a hydro-electric current niay be ar- 
raoged under the following principal claaaea ; 1.) liagnitic, 2.) 
Lmiitax; S.) TUrmal, 4.) Fhyaologieal, and S.) Chemicoi 
phenomBia, which we ^all proceed to oondder in the order in 
which they have been enamerated. 

I.) Magnitic Phatomtna. These are the last observed, not 
baving been noticed tmtil 1S20. One (^ the most important of 
them we shall conaidef before speaking of any of the other effects 
produced by the electric current, because its diacovery bas fur- 
nished us with the readiest means of becoming acquunted with 
whatever i> essential to be known concerning these currents. 
This phenomenon is Itie influence eierted l>y a stream of electri- 
city on a magne^c needle, which, under its influence, acts both 
as an electroscope and an electrometer; hitherto we bave con- 
sidered these instruments merely as affected by electricity in a 

Every variation needle (§ 443.) placed nearto a permanent etec- 
ttic current is deflected from iti polar position, more or lees, so tbat 
when the stream of electricity is transmitted flrinn south to north 
bidow the needle, its north pole is turned e«tward or towards the 
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right hand, but vhen the current runs from north to louth. the 
north pole of the n«edle derUtes to the left hand or westwaidf 
these cireumatanceB are eisetly reversed when ihe fluid i< made 
to go in the >aroe directioDB above the needle. Curreols or eke- 
trioitf sent sinroltaiieoualy in opposite dire<!tioDS abore and below 
B needle, deflect il Mill more powerfullj. If the euirent be 
powerful, it i> sufficient to carry it but once over or under > 
common needle in order to deflect it. but if the electric stream be 
weak, it must be conducted several timet round the needle, thus 
repeating or multiplying the deflecting influence of the single 
current; if the current be eilreoiely feeble, it may perhaps be 
requisite to use a» astatic double needle ifig. 139.), in which 
the lower needle will stand between, while the upper one iaaboie 
the currents, so that both directions of the sireatn tend to deflect 
the needle the same way. JacabVt Compatt Galtjanometer (a) acta 
on the lint ptinciple, the MultipGa- (b) invented simultaneously 
by Sch^jtiggtT and l^gtndoff, on the second, aod NobilCs DwMt 
Gabianmeetr (c), on the third. The instruments just named are 
not equally applicable for all tinds of currEnts : the use of one or 
the other Is regulated according to the end immediately proposed, 
whether it be to teat the quality or the quantity of the current. 

These Instrumenu show the actual eiistence of an electric 
current by the deflection of Ihdr needles ; from the direction 
they take we inler that in which the electricity was transmitted, 
and lastly, from the magnitude of the angle of deflection we learn 
the intensity of the stream of electricity, and the degree of re- 
ustance offered to its conduction by any part of the battery (d. ) 
We shall presently show the relation subsisting between the de- 
viation of the needle, and the intensity of the electric current 
(§ 522.), at the same time we will eiplain tbe various modes of 

must take it Ibr granted that, in general, every current has a 
tendency to deflect the needle at right angles to its own line of 
direction, and that "csterls paribus'^ those are the most powerfiil 
currents which cause the greatest deflection. We must refer the 
reader to the section on Electro magnet ism for a full eiplanation 
of the theory on which the construction and use of these insttu- 

magnetic phenomena connected with them. 

We shall at once proceed to describe the mechanical con- 
Btruction of such of these instruments as have come into 
mo«t general use. 
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(») JacobTa Compaii Colsanoniefer, 
Fig. 188. 



under but close to wbi< 
is carried, to the ends of which beyond the fiame are fastened 
two mercury cups ot binding screws a, by which this wire 
may he connected with the wires of the Irattery. The needle 
traveiseB the graduated circle: in usin^ the instrument the 
needte should hesetatO, ihat the current beneath may deflect 

(b) Stbaeiffger'M MultiplUr, Fig. 189., consists of a fine 




copper wire d d bent into an oral shape, in the middle of 
vhich a variation needle n t turns, being either supported on 
a point ot suspended by a thread. The two extrenii^es of 
the win are attached to two mercurial cups or binding 
screws □ a, by means of which the wire of the galvanometer 
is made part of the electric oireuil. That the current may 
be compelled to iraverse the whole length of the wire with- 
out springing from one turn of the nire to another, it is 
wound round with several coils of silk, and the whole is 
coated oier with a varnish of gum-lac. The action of the 
multiplier is considerably affected by the number of circuits 
made by the wire, the number bemg regulated according to 
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the purpose tor which the iiuitrument is intended, whether 
to measure powerful or weak currents ; io the former case 
the wire is pesaed round but once, or M most hut a few 
times, in the latter it is passed round more frequently. The 
GommoD multipliers have the wire passed round Irom lUO 
to 300 or 400 tlraes i for particular purposes the wire has 
been made to perform 1000 circuits ; for instance, f echner's 
multiplier bad a copper wire of 1S,454 feet in length, which 
WIS bent round 12,076 times. Its thickness also Is of im- 
portance, and the teebler the current to be measured the 
Goer should the copper wire be. Lastly, in using this io- 
strument. as also the compass galvanometer, it will always 
be best to place the wire in the direction of the magnetic 
meridian ; the angle of deHeiion may be measured by means 
of a graduated circle placed beneath the needle. 

(cj ffobilCi Double GaivaiiomeUr differs from the preceding 
chiefly in the application made of a double astatic needle. One 
of the most modem construction is represented in fig. 1 90. 
The multiplying wire is passed over and under a cylindrical 

Fig. 190 0. Fig. 190. 




{n.mi,aafig. 1 90 a., so as to leave a small space between 
the circuits of the wire for the reception of the lower needle. 
The upper needle, tttfig. 190., turns just above the circuits 
of wire, on which ■ graduated card is laid like that repre. 
sented iu^;. IRS. The double needle is suspended by a 
fine thread /r of unspun silk, &slened at p to a pulley, from 
which a common thread rp runs down the metal stand rp ( 
to a screw x, by which it is moved, and thus the needle is 
raised or lowered at pleasure. To bring the coils of wire 
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and tbe graduated circle into a proper position nnder the 
needle, the iDultiplier is fastened onacircuUi plate A, having 
in its centre a ojlindrical plug which goes through a hole in 
the stand g h tluit supports the vhote apparatufl ; to tbe end 
of the plug is stlached a handle c<f by which it is turned 
round. Tbe two ends of the muUiplying wire are connected 
with mercurial cups or binding sciews kz, lo which the con- 
dncting wires of the electric current are led. Three ad- 
justing screws are placed beneath the itand to set the whole 
borizontallj, and to secure the needle from draughts of air 
it is coveied with a bell-glass G. 

In these and all similar instrameuts the electric current,. 
must be Buffirieutlj strong to oTercome the directing in- 
fluence of the earth's magnetism, or the needle will not be 
defleeled. Hence it is evident tliat the sensibility of the 
apparatus, except that it may be increased by winding the 
wire a greater number of times, depends principally on the 
readinen with which the needle moves, and the smallness of 
its directing force. For these reasons it is better to suspend 
the needle by a thread than to rest it on a point, and we 
should use either single needles very feeblf magnetited 
or BH astatic needle. The following eiample will shew 
how greatly the power of the current circulating in the 
multiplymg wire is increased in Nobili's multiplier. Sup- 
pose that the multiplier wire wound 333 times, then the 
original current would act on the lower needle with a 
force of 666, and on the upper with a force of 333 times 
what it would have possessed had the wire made but a nngle 
eircuit; adding both together, with a force 999 oi 1000 
times as great. Both needles made, with a similar position 
of their poles, 57 libEations in a minute, as astatic needles 
only 9. As the directing force of the earth's magnetism is 
proportional to the squares of these numbers (§ 449.), in the 
common needle this fan:e will be 3248, and in the astatic 
needles SI, in the latter, therefbie. it is 40 times less, and by 
consequence, tbe electric current acts with 40limes the force 
upon it Tbe deflecting power of the ori^nal current will 
therefore be inoreased by this galvanometer 1000 x 40 = 
40,000 times. 

(<f) In a simple voltaie arrangement where the same con- 
necting wire is used and the excited areas of the eleetromotora 
are eqnal, the defleiion of the needle will be greater, the 
greater the difference between tbe elertrieal tensions of the 
electromotors; this wilt evidently depend on the quantity 
of electricity set free by their contact and accumulated on 
their equal lurtaces. Henco bydTo-electric batteries of two 
heterogeneous metals and two diflerent liquids (§505.)cause 
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the greMeat defleiHin of the needle. In simllir simple gal- 
vanic arrangements the deflexion iQCreasea with the increase 
of the eteetro motive sur&ce acted on,' hut not quite in the 

the fluid in its passage from one element to another (§ 511.)- 
In the same haltery the defleiion of the needle decreaEes the 
greater the distance of the eleclromotors from each other in 
the intermediate liquid 16 511.). Tn a compound hattei?, 
according to Ohm's lav, when the renstanee to conducdon in 
the connecting wires »F the multiplier is extremelj small 
compared with that of the battery ilselttha needle is not more 
power^lly deflected than hy a single pair of platea (§ ^11.)- 
Colladon was the first who proved that a stream of elec- 
tricity, generated by frietion, caused an analogous defleiion 
of the needle, thus furnishing additional evidence of the 
identity of frictional and contact electricity. To effect this 
we require a multiplier which makes a great numbei of 
circuits, and a continuous stream of the electric fluid i for 
this purpose the multiplier is interposed between a conductor 
running tram the prime conductor of the machine to its 
cushion (a piece of wet tape will do very well) ; when the 
circuit is completed, set the machine in action j or charge a 
Leyden jar or battery by such a damp conductor, one eod of 
it being connected with the outer, and the other with the 
inner coatiog of the battery. This last is the mode adopted 
by Faraday in his cAservations on electrical phenomena, in 
order to verify the contrast subsisting between frictional 
and voltaic electricity with regard to quantity. A very 
small voltaic battery consisting of one platinum and otie zinc 
wire, ^th of an inch thick, immersed in very slightly acidu- 
lated water, and held at a distance of ^rd or J an inch asunder 
for 3 seconds, deflected the needle of a galvanometer ai much 
as the charge of an electrical battery of 8 jars which had been 
loaded with 30 turns of a powerful machine. When he used 
15 jars and charged tbem with 30 turns of the machine, the 
quantity of electricity in the battery vaa the same, but its 
tension or density was rather less, and when discharged It 
caused precisely the same defleiion of the needle as in the 
first experiment ; on turning the machine SO times, the bat- 
tery caused a defleiion of the needle twice as great as at 



at the moment when and a 
the poles of a battery are connected by mean 
wires. The electrical spark is very small aoi 
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the poles of tlie battery ; its colour and the intensity of its light 
depend on the metal by which it is rendered Tisible; probably 
this difference is owing to a partial conibuEtion of the metal, at 
the points wliere the electric current passes from the poles to the 
wires When the connexion is established by means oT mercury, 
the light is white and brilliant, if by means of iron or steel, it 
U of a reddish hue, with small scintillations radiating in all 

A spark of this kind will be emitted from a small hydro- 
electric arrangement of two plates only, but if the battery consist 
of several pairs of plates, the spark will be brighter; its intensity, 
however, depends rather on the extent of surbce in contact with 
the fluid, than on the number of purs of plates. 

Very brilliant sparks may %e obtained by means of a 
Grove's battery, of one linc and one copper plate of ordinary 
dimensions, or with a few pairs of Bunsen's carbon battery ; 
with either of these the following eiperinienta may be per- 
formed. 

SirERiHtiJTS. 1.) Bring nearly together the amalgamated 
ends of the polar wires, while the battery is in a state of 
activity, a small, white, slarlike spark will be seen accom- 
panied by a crackling noise like that which attends the 
emission of a feeble electrical spark. 

S.) Plunge Iheendofoneof the wires into a small vessel 
of mercury, and bring the other near the sutface of the 
metal. A similar spark is emitted just before the point 
touches the mercury, on which a small black speck may be 
seen where the spark struck it. 

3.) The spark obtained from an amalgamated point is 
visible under water or in the flame of a candle. 

4. ) Fasten a fine sewing-needle to the end of one of the 
wires, and touch the other pole with the tree end of the 
needle ; a starlike red spark will be emitted. A continued 
stream of these sparks may be obtained by connecting a 
small round or triangular file with one pole, and presenting 

a copper wire attached to the other pole. 

5.) Coat the ends of the connecting wires with soot, by 
holding them in the. flame of an oil lamp, and the sparks will 
be both larger and brighter ; they will be obtained of the 
greatest intensity by holding the poi.ts of the wires in the 
flame opposite to each other. 

Nobiti says, that, in pErforming eiperiments of this kind 
he obtained the brightest sparks by connecting the two ends 
of the battery with a long spiral copper wire, or with a wire 
msulated by being wound round with silk. 
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§ 514. 

3.) Tiermal jihnomimi. — HeU ii elicited when Bn electric 
eurrent is generated by completing the circuit in a voltaic pile, it 
insnirests ilwlf in the conDecting irireB, in the electromotoTa, and 
*!■<> in Che intermediate liquids. The intensity of the best is 
regulated rather by the size than by the number of the plates ; it 
i^ greaCeat in those batteries which baie the greatest difference of 
teniioa {platinum and carbon batteries). 'I'his eSecc seems to 
depend more on the quantitji of the electric Suid than oa its 
intensity! the latter does, however, eiert some influence, ax 
P&ff informs us, that with twice or three times the number of 
plates, ■ wire became hotter tban when it was connected with a 
^ngle pair ; the heat is ^rther dependent on the conducting 
power of the body, bad conductors of equal length and thickness 
with good ones becoming much hotter than the latter. Many 
attempts have been made to eiplain the causes by which these 
tbernl^ phenomena are excited and modified. This has been 
done, oo the whole, in the most satistactory manner by Ohm, 
who assumes, that the degree of heat depends on the intensity of 
the electric curreac in the interior of a body, and also on its con- 
ducting power ; according to Riess's experiment^ it bos been 
ascertained that the relative power of metals for acquiring eleclriu 
heat, is directly as their retarding powers, or the resistance they 
offer to its conduction, and consequently, inversely as their capa- 
city for heat and their deniiCj ; these magnitudes may therefore 
be eipreased by a fraction having for its numerator the retarding 
force, and for its denominator the capacity for heat and the speaGc 
gravity. These thermal phenomena seem further to be a result 
ofthe resistance which the conductors olTer to the union of the 
+ electricities 1 whence, in addition to all other causes, its in- 
tensity will be greater, tbe greater the quantity of electricity 
neutralized in the electric circuit. 

In tbe metal wires by which the poles of a battery in action 
are connected, the beat is manifested by the incandescence of the 

in the finest wires. 

In very powerful batteries, such as Children's, Hare's and 
Strating'a deflagrators, or even in platinum and carbon batteries, 
of considerable uie, and from 10 to £0 pairs of plates, the de- 
velopment of heat is so great that substances, which are hard 
enough to resist the action of any furnace, are readily fused and 
burnt. To this may be added the remarkable fact, that these 
phenomena occur under circumstances in which we should not 
have expected them to happen, and under which they could iH>t 
bave been brought about by the ordinary process of combustion ; 
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fbr instance, wires and charcoal points may 
under water, and metals may be fused and bi 
in close vesaels filled with gases which put ■ 
cal process of cambustiou, such as nitrogen. 



le following eiperimf 
1.) WoBaHon'i , 



smslleit hydro-elecl 
which the heating powers of the current bare been made visi- 
ble. lliiB miDiature batter; is represented iuj^. I9t. of its 
actual size. P is a strip of thin 
Fig. 191. ^Uer or platinum leaf, bent so as 

to embrace an amalgamated zinc 
plate Z, at a disUnce of about a 
line. The insulation between 
the metals is effected by meims 
of little pieces of cork thrust 
between them ; ; and /i are the 
two copper or silver polar wires 
slit St the ends, into which is 
lei a very fine platinum wire 
not more than a line in length. 
Tlie wire hook A serves for 
suspending this little battery 
in aglaascontainingaome dilute 
sulphuric acid (1 part acid to 
4 of lifter). The current transmitted through the wire 
between p and x seta the tatter in a state of incandescence. 

Batteries of platinum and carbon are best adapted for pro- 
ducing powerful incandescence and combustion, especially 
onaecountoftbesteadinessof their currents. With one of 
these batteries of from 2 to 6 pairs of platee, each containing 
a sur&ee of from ID to 20 square inches of platinum or 
corboD, very brilliant effects may he produced. Nfarly 
equal effects accompany the use of a battery of double the 
number of Hare's zine and copper spirals, each of which 
should have a copper snrfiice <^ from 150 to 300 square 
inches ; it continues, however, in action but a short time, as 
after a quarter of an hour the intensity of the current is per- 
ceptibly lessened, whilst the other battery will maintain its 
action for an hour or more unimpaired. The following 
are the most important results which may be obtained from 
these batteries : — 

2.) Connect the poles of the battery by means of a lery 
fine iron or platinum wire, several inches in length, or a 
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piece of thin wBtch-Bpring wilt do, and the metal will be- 
come red hoL Shorien the wire, tuid it will become white- 
hot and then melt ; now use a stouter piece of wire, and the 

of equal length and thickness with the iron or platinum 
wire that was raided to a red heat ; in consequence of Its 
better conducting power, it will merely be made hot without 
being melted; whereas a slouter and longer piece of either 
tin or lead would readily fuse. 

3.) Establish a conneiion between the poles by means of • 
stouter platinum wire pointed at the ends; fusion will take 
place at the points of contact, to which the wire will in a 
manner be soldtred- The efiect will take place even under 

4. ) Conduct the connecting wire through a small quantity 
of some saline solution, placed in a watch glass or an earthen- 
ware cup ; the liquid will presently boil, and those parts of 
tbe wire beyond it will be made red-hot. 

o.) Sulphuric tether, alcohol, phosphorus, gunpowder, 
and other combustible materials, may be ignited by making 
the connecting wire to pass through their mass, or to touch 
some part of Ikeir surGice. 

In consequence of their possessing this property, hydro- 



ic batteries have t 
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water, with success. Eiperiments on this mode of blasting 
were first made successfully by Hare, in N. America, in 
IS^S, and by Morgan, who applied it to the blasting of 
rocks, and to other mining operations. Its applicability to 
the eiploding of mines in war was proved two years later, at 
Petersburg ; ^milar eiperiments have since been performed 
with equal success in the Netherlands ( 1 837 ),and at Chatham, 
in 1838 and 1839, by General Pasley, espenally to investi. 
gate explosion under water ; the results have fully eslabtished 
the certainty and safety of these modes. Tn the Netherlands 
an inconstant but powerfiil Wollaston's battery, of 2^ square 
feet effective copper surface, at Chatham, ^ Daniell's con- 
stant battery of 10 cells, each containing an eSective copper 
surfiuie of S30 square inches, were used for the eiperxmenta. 
On tbe 26th Jan., I84», a blasting of rock by this process 
was performed on a very large scale, when the Hound Down 
was blown up in the nelgliboutbood of Dover. Cuhitt, the 
engineer employed by the London and Dover Rulway 
Company, in the consiruction of their line, deposited three 
charges, in all 18,0001bs. of powder, so that the middle one 
was 70ft., and the others each 5.5ft. from the eitremities of 
the cliff. The powder was fired by means of 18 Daniell's 
and 2 common batteries uT 20 pairs of plates, at a dlsUnce of 
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1000 ftet, it having been previaiuly ascertained that it tnight 
have been fiied even at a distance of 3300feet. (Probably 
a few Grove's or. Bunsen'a batterie* vould have aiuwered 
equally well.) SOO.OOO cubic yaids of chalk, weighing 
600,000 tons, were set in moiion at once, and the cliff vhs 
considetably lowered for th; length of^OOfeet. 

It is of great importance that these results con be at- 
tained with perfect safety and al considerable distances 
(Basse, at Hamela, raised a piece of platinum wire to a 
state of incandescence at a distance of 4000 feet) ; as also 
that the csnduclor may be carried through the air, or on 
or under the sur&ce of the earth, nay, even through 
water, without the action of the battery being thereby im- 
paired. This mode of bloa^ag may be more generally used 
since the adoption of small carbon and platinum batteries ; 
the great expeiwe having formerly been an obstacle, as the 
early eiperimenta were peiibrmed with large deflagratots. 

Jacobi, to mboin we are already under such considerable 

vestlgations in this dqMrtcaent of science, was employed, in 
181S, in conducting a series of eiperiments for discovering 
the best mode of conveying hydro-electric currents for tele- 
graphic purpose!. In examining how far water might be 
suhstituted for a metallic conductor, he arrived at the im- 
portant results given below. He first established a con- 
duction of this nature between Oranienhaum and an arm of 
the Gulph of Finland, a distance of 5600 feet, one half 
through water, and the other through an insulated copper 
wire, ] of a line in diatoeter, which was carried over a dam, 
go that the entire length of the conneiion was 11,200 feet. 
The electric current was eidted by a Grove's battery, of 34 
purs, and a common vidtaic pile of 1 50 6-inch plates. A 
ane plate of B square teet was sunk in the sea firom one 
pole of the battery, and at the opposite end of the connecting 
wire a similaT plate was sunk id a 'eanal joiiung th*aea. 
Charcoal points were used for completing the circuit of the 
Crave's battery ; these, and also a fine platinum wire, were 
made red-hot, and these phenomena appeared to be more 
intense than when cqiper wires whs used as conductors. In 
a later eipeiimeat he employed a similar conduction, the 
distance In this case being 9030 feet, namely, from the winter 
palace of the emperor to the Fontanka, near theObuchowski 
hndge- One of the conductora was a copper wire carried 
under ground, the other was the Neva itself, in which a lioo 
plate 5 square feet waisunk beneath the mrfiice of the tirer. 
At the other eitiemily a similar line plate was immened in 
■ small pond, whose level w^ 5 or 6 feet ^Mve the Foo- 
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tanta, from which ltwssaeparat«dby a 6ood-frflte. The bat- 
tery consisted of 25 small Daniell's constant batteiies, by 
means of which, notwllhstanding the great eitent of water, all 
tlie (;a1vaiiic and magnetic phenomena were produced. At 
Lenz's suggestion, a different species of conduction vbs tried 
between the same stations. Aconneiion was established with 
a point of the iron toof of the winter palace, which wascoD- 
nected with the ground by means of conducting rods, and 
the current was carried equally well along the moist earth. 

6.) To the end of one of the wires ^ten a small strip of 
gold or silver leaf, or of copper or sine foil, or a small piece 
of extremely thin tin or lead, and esublish acontact between 
any one of tliefie and the opposite pole, or one of the plates 
connected with it, and combustion of the metal will ensue, 
attended with s hissing noise, and with variously coloured 
light. Gold burns with a blueish white light, and leaies 
behind a dark brown oxide. Silver burns with a bright sea 

of copper gives out a blueish green flame, mingled with red 
sparks and a greenish smoke. Zinc burns with a dazzling 
white light and white vapour ; tin with red sparks, and lead 
with a purple flame. This combustion of the metals is ren- 
dered still more vivid, by connecting one pole with mercury 
and placing the metal that is attached to the other pole in 

7.) The most splendid phenomenon of this kind is Ibe 
combustion of charcoal points. Pointed pieces of the re- 
siduum obtained from gas retorts will answer best, or BuD- 
sen's oompqsltion may be used for thij purpose. Pot two 
such charcoal points in immediate contact with the wires of 
your battery ; bring the points together, and they will begin 
to bum with a dazzling; white light. The charcoal paints of 
the large apparatus belonging to the Royal Institution be- 
came incandescent at a distance of ^^ of an inch ; when the 
distance was gradually increased till they were 4 inches asun- 
der, they continued to burn with great intensity, and a per- 
manent stream of light played between ihem. Professor 
Bunsen obtained a similar flame from a battery of tour pairs 
of plates, its carbon sur&ce containing 29 feet. Tbe heat of 
this flamp is so intense, thai stout platinum wire, sapphire, 
c^artz, talc and lime, ate reduced by it to the liquid form. 
It is worthy of remark, that no combustion, properly so 
called, takes place in the charcoal itself, which sustains only 
an eitremi-ly minute loss In its weight, and becomes rather 
denser al the points. The phenomenon is attended with a 
Btill more vivid brightness, if tbe charcoal points are placed 
ia a vacuum, or in an; of those gates wbicb. are not siip- 
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porters of combustion. Instead of two charcoal points, one 
only need be used if the following arrangement is adopted ; 
lay the piece ofcharcOHl on some quicksiher that is con- 
nected with one pole of the battery, and complete the circuit 
from the other pole by means of a strip of platinum. When 
I have used a piece of well-burnt coke in the manner juM 
described, I have obtained a light which was almost inloler- 

These Iherraal phenomena happen not merely at tbe 
points, MS in the eiperimenls described above, but aJso in the 
battery itself, both the electromotors and the connecting 
liquid becoming heated, the elevation of temperature of these 
latter being much less than that of the connecting wires, be- 
cause the transverse section of their conducting surface a 
much greiiter. 

§ 515. 

4.) Pftjniofojfcol cjficb. — . The phyHolopcal effects of the 
hydro-el ectrie current on the nerves and muscles of animals are 
essentially the same as (hose produced by frictional electricity, 
modified, hoveier, in some degree, by the continuous action of 
the current ; they are also characterised by tbe presence of some 
chemical influence, which eicites the organs of taste and sij-ht in 
a remarkable manner. Very small batteries are adequiae to ex- 
cite tbe organs of taste and sight, but a large apparatus is needed 
to produce an; perceptible influence on tbe sense of touch, so as 
to cause the nerves and muscles of the human body to contract 
when it forms part of the circuit. These effects may be rendered 
almost indefinitely more powerfiil by increasing the number of 
plates, whereas the magnitude of tbe eicited surface exerts no 
peneptible influence on them. Hence, to produce a shock, we 
should use the common votisic pile, or one of Faraday's oi 
Young's batteries {§ 506,), with plates of about 2 square inches. 
The most efficient batteries, with large plates, and even 
those of platinum and charcoal, which eihibit to perfection the 
remarkable phenomena of incandescence, seem almost totally in- 
effective when used to produce this other class of effwu. This 
strongly- marked distinction in the capacities of batteries condst- 
ing of a number of small pairs of plates, and those which are com- 
posed of a few large pairs admits of a satisfactory ejplaiution by 
Ohm's la-ff, {§ 511.) In any case when it Is desired that tbe 
current should eiert a powerful influence on some bad conducting 
substance, the density of the electricity must be increased as much 
as posuble by employing a great many pairs of plates, and thus 
the lesisUnce offered to the conduction and transmission of the 
fluid through its circuit by the interpositicHi, for eiample, of (ha 
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hnnuin body, ia more eaiUjr overcome : this end nou1d not be at- 
tuned bf inereasiog the quantity of the electricity, vtiicb we 
might do, either by increasing the effective Burface, or by uaiug 
more powerful combinations, because, by either of these nwHUS, yre 
should reduce only the regislsnce that we meet with in the bat- 
tery itsel£ and that, compared with the resistance of tlie non- 
conducting substance that forms a part of the circuit is, after all, 
but lery small So, also, we can easily explain why these e&ecti 
are rendered still more powerful, if that porlion-of the human 
frame which is enclosed within the wires be moistened with some 
liquid that is s good conductor : the effect ia hpightened still 
further, if large metallic lur&ces, instead of merely the points of 
the wires, are brought into contact with the tmdy ; by either of 
these modes, the strong rcMstance which the human frame offers 
to the transmission of the electricity is much lesseaed. 

Suppose we use a single ptur of plates, whose electromo- 
tive power we will call 1, and that the resistance of the hu- 
man body which (brms a part of the circuit is 100 times 
greater than that of the pair of plates, then, by Ohm's for- 
mula, the effect of the current on the body may be expressed 

by the fraction — = _J- . Next use a battery consist- 

lag of 100 such pairs, and its effect will be represented by 

— ], which is mtub greater than that of the single 

100 + 100 !■ 6 "6 

pMr ; now if we were to employ a single p»ir of plates with 
an electromotire force 100 times greater than that of the pur 
first spoken of, or, in other words, one whose resistance to 
conduction shall be 100 times less than that of the former; 
the effect of its current on the human frame would be only 

= — which is but very little more than that of 

^ + 100 100.01 ■' 

the flrst pair, whose electromotive power we supposed to be 

only i^th part of the power of the latter pair. 

The tbllowing arc a few of the principal experiments by 
means of which these effects of the voltaic current may be 
verified. 

£^periniaiii (1). Galvanri fundamental fiprritatnt de- 
serves the first place in this list. Touch the nerve of a dead 
'&Dg's spine and the muscle of one of his thighs with two dif- 
ftrent meUls, m. gr. with sine and silver, or sine and copper 
wires, bring their points into contact, and the frog's leg will 
become violently contracted. Tbc^ muscular contmftions 
will be repeated as often as the connection of the wires is re- 
established, and In yoimg frogs especially they may he per- 
oaied even an hour after death. Baile; substituted with 
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complete Euccess the hiad leg or the coirmon grasshopper for 
that of a frog. 

SJ) Impartiiig th£ thaclt to a leech, l^y a flilvcr coid, a 
liTe-shilUng piece will do very well, on a larger plate of lino, 
either meLallically pure or amalgamated, and on the coin 
place a live leech. When he moves so as to touch the zinc, 
*and thus establish a connexion between this metal and the 
'ulver, he will receive a shock, and will instantly recoil. 

S.) Tlu <unet of latte excited in the ktmoH tabject. If 
the hydro- electric circuit be completed by the interposition 
of the tongue, one pole of a battery being placed in contact 
with the tip of the tongue, and the other pole being made 
to touch a moistened part of the face, the metal on the 
tongue will eicite a peculiar taste, varying according aa it 
conveys either + or — eteclricily ; the former produces a 

or alkaline taste ; this is owing to the chemical decomposi- 
tion of the saliva by the electric current in it? passage. Tlie 
effect may be produced by means of a very simple galvanic 
combination, namely, by laying a silver spoon and a polished 
strip of zinc one above and the other under the tongue, and 
then bringing the ends of the mcUls into contact The 
sensation will be more powerful if a small hatrery of Irom 
10 to IS pairs of platrs be used. 

1 . ) ExciieTmeiU of the nerves of tight. A peculiar flash or 
luminous appearance will be produced by bringing the poles 
of a voltaic battery to two parts of the body between which 
the eyi^ are situated, as, for instance, the corners of the eye- 
lids ; or a similar efl^ct may be produced by holding one of 
the vires with a moistened hand, aiul planting the point of 
the other wire against the edge of the lid. or against a piece 
of tin-fiiil held over one of tbe eyes, which is to be closed. 

again in a lower degree when tlie connexion in broken, A 
similar but more feeble impression is produced by placing a 

zinc held in a lilce position on the other side, the circuit is 
completed by making the metals touch outside the mouth. 
The intensity of the flash Is heightened by using a amatl 
pile of some 10 or 12 pairs, and establishing a connexion 
by means of the hand, the wire being brought agunst some 
moistened part of the face, 

5- ) Iifbtena on the organ* of hearittp. Bring tbe poles 
of a smaJl battery to the interior of both ears, and at the 
moment when the conaexion is established, a slight shock 
will be felt in the bead, and a roaring sound nill be heard 
ao long as the wires are held in place. 
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6.) MiuCHlar cimlTaclions and tioc&s nf lAe nn-ooMi tyrfnit. 
To induce an electrical sbocb Ibat shall be plainly felt, it 
is neeessary lo have a halterj of si least from 10 to 15 pairs 
ofplales; with a pile of Trom SO to 100 pairs the shock is 
pretty stTong. sufficiently so to cause violent shudderings in 
the fingers, arms, and even in the chest, hesides occasioning 
in any sore places a sensation as if the skin vere heing 
pricked or burnt On closely observing this effect on the 
neives, three distinct stages in the process are readily distin- 
guishable ; first, Bt the moment when the circuit is com- 
pleted, an electric shock is experienced ; next, the continued 
action of the current causes a series of contractions rapidly 
sueceediDfc each other ; and lastly, when the eonneiion is 
broken, a less violent shock than before is felt, llie shock 
of a voltaic baUerj may be distinguished from that of 
common electricity, inasmuch as the latter is felt br less 
deeply, affecting only the outer part of our organs, and being 
eihaUBted In a moment ; the voltwc shock, on the contrary, 
penetrates ferthw into tbe system, propagating itself along 
the entire course of the nerves ; this permanent aclion on 
the nerves is rarely perceptible when piles of fewer than 
from 40 lo 50 pairs of plates are used. These physiological 
effects may be considerably heightened in intensity by con- 
necting with the battery two metallic cylinders, called 
conductors, and grasping them with the hands well 
mrastened in salt water. By using conductors, the voltaic 

they Join hands, after well welling them in a saline solution. 
Since the most powerful effect is produced at the instant 
when the connexion is established, and when it is broken, 
tlie influence of the electric current is considerably increased 
by causing a rapid alternation in the completion, anri break- 
ing of tbe connexion. This is effected by means of a very 
simple contrivance, a copper discb^g used tor this purpose; 
the periphery of the disc is indented wiih teeth into which 
a metallic spring fits ; this wheel is then connected with one 
pole of the battery, and the spring is connected with the 
oonductor which the operator holds in one of his hands, his 
other hand grasping the other conductor which belongs to 
the other pole. The wheel is then made to revolve, and the 
eonneiion of the battery is alternately established and 
broken, and with every change the effect of the electric 
current on the human frame is renewed. Dry electric piles 
<g SOS. ), even when the number of pairs of plates is consi- 
siderable, do not produce any perceptible physiological 
effects. 
The influence of the bydro-electric current on the nervou* 
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system ha.s in many instances, been applied successfully to 
tbe reitora^on of persoDB in whom animation was suspended. 
Tfae eiperiments performed on human corpses, and on the 
dead bodies of the larger animals, are worthy of notice ; by 
means oTa Toltaie piU, Aldini set in violent motion the feet 
of a corpse, caused the eyes to open and shut, and distorted 
the mouth, cheeks, and tbe whole of Ihe countenance. Ure 
connectedoneof the poles of a voltaic battery with the supra- 
orbital nerve of a man who was cut down after hanging for 
on hour, and connected the other pole with the nerve of tho 
criminal's heel r on completing the circuit, the muscles ac- 
quired a frightful activity, so that rage, despair, and anguish, 
with horrid smiles, were successively depicted on the coun- 
tenance. Similar phenomena may be observed in eiperi- 
menting on the head of a sheep, calF, or other animal, 
shortly after it has been killed. Tear off the claw of a 
crab or lobster, and send a hydro- electric current through it. 
and the claw will instantly contract ; nail a neat's tongue to 
a table, send a discharge through it, and the contractioni 
will be powerful enough to draw tbe nail. 



§ 516. 

S.) Cinrn'caiej^j.—Thechemicaleffectsof the hydro-electric 
stream are Indisputably the most important of all that are geiie~ 
rated by either the simple voltaic arrangement or by the larger 
batteries. They were observed by Carlisle and Nicholson shortly 
after the original discovery of Professor Volta ; Faraday's inves- 
tigations have recently added most materially to our knowledge 
of this subject, and in particular, it is to bim that we are indebted 
for detecting most of its laws- 

To produce these efFects the current must be conducted com- 
pletely through tbe substance which is to be decomposed ; as 
soon as the circuit is completed they will begin lo be in operation, 
and will continue so until the connexion is broken. The bodies 
to be resolved must further be conductors of electricity, and their 
particles must be in such a condition as to move freely among 
each other : this latter requirement is fulfilled by bringing them 
into a liquid state either by dissolving or fusing them. The 
chemical influence is then eterted both on the electromotive 
fluids employed in the battery, and also on any liquid* which 
form a part of the circuit through which the stream is sent. All 
chemically compound substances are not immediately resolvable 

position is the cousequence of a secondary action, litis [act was 
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first discovered b; Faiadaj, vho oiled all tbt»e bodies which 
caa be immedtatetj resolied by (he current, clittnlj/lii, and the 
clementa into whicb they are resolved, inns, and the process iticlf 
eltetTtilyni. 

llic electromotive force required to decompoie the electrolytes 
Tsriea greatly. A very feeble streuo is lufficient to resolve 
iodide of polaasium, whereas the decoxn position of pure water can 
be effected only by the action of a powerful current, and the 
alkalies require the application of m eitremely strong stream to 
resolve them into their elements, DecompoHtion may sometimes 
be elFected even when a feeble current of electricity is employed, if 
aided by any chemical affinity, through which at least one of the 
elements becomes diaengaged, or a new compound is 'formed. 
Even when the fluid eihibits no perceptible decomposition, it by 
no means tiiUows that none Ukcs place, as the galvanometer al- 
ways shows the passage of the current through the fluid. The 
chemical action depends pnpcipally on the quantity and ork the 
intenuty of the electricity sent through an electrolyte, a matter 
that will ID great measure be regulated by the conducting power 
of the latter. 

The following results have been obtained experimentally, 
and are found to coincide with the deductions from Ohm's 
law : if the body to be decomposed bos a very low con. 
dncting power, its electruljsis will be eifected only by em- 
ploying a battery conristing of a great many pairs of plates, 
and the number of plates must be increased the greater the 
chemical afflnity which the elements of the electrolyte have 
(or each other. In this case it is the ' inttaitif of the elec- 
tricity which regulates the effect produced, whereas any 
increase in its quantity, obtMoed by enlarging the eieited 
surbces. and any diminution in the resistance to conduction 
offered by the battery itself, are equally inoperative for in- 
creasing the action. If, on the contrary, the electrolyte be 
a good conductor of electricity, the chemical decomposition 
will be perceptibly accelerated by increa^ng the excited sur- 
face of the electromotors, and by interponng a better eon- 
ducting fluid b^ween them : if we diminish the resistance 
of the electrolyte itself to conduction, the chemical action 
will be rendered still more intense : this may be done by 
lessening its length and thickness, and so increadng the in- 
tensity of the current sent through it, 

Ritchie was led to believe, from a number of eiperimenls 
which he performed, that the chemical effect of the current 
varied as Cbe square root of the number of p«urs of plates 
composing the battery. Hence it would be more advan- 
tageous to combine eight single voltaic pairs into two bat- 
tenet of four times the surfce, rather than into a single' 
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battery ofeight pain. Tor in this cau the action ofthefinnwr 
will_be lo that of the 'Utler as 4v'"2 : 1^8,orM 2v'8 : 
Iv'H; i.<. asS : 1. 
One of the mnst important diccuieries wsa this, that in all de- 
composition* of this kind, the elements into which the substances 
ate resolved so ariange themselves on the lurfaces of the metals 
which conduct the current in the electrolytes, that certain elementa 
are invariably found on the one pole and others as constantly on 
lie opposite. Thus oiy^n, chlorine, iodine, and the acids, al- 
ways collect about that metal which is connected with the 4- 
poieof tbebstlerj, hut hydrogen, most comhuatihle aubstances, 
the bases of the salts, and the metallic oiydes, range themselves 
on the metal which is attached to the — pole. 

This has been attrlhuled to some peculiar attraction and 
repulwon of the elements of the substance undergoing de- 
composi^on, which atlisclive and repulsive force proceeds 
from the poles of tlie bailery along the wire or other con- 
ductor of the electricity to the fluid, and so brings about the 
decomposition of the body. Faraday is of opinion, that the 
force does not emanate Irom the poles, but that it resides In 
the substance undergoing resolution, and thus he accounts 
for one element's going to the positive, and the other U> the 
negative end of the battery. He regards the poles of a 
hydro-electric battery as the points of egress and ingress of the 
electrical action, whence the influence which we designate 
the electrical current is propagated through the electrolyte ; 
in accordance with this view he gave the following appro- 
priate dcMgnations : The poles of the connecting wire in 
any fluid submitted to the process of electrolysis, he termed 
tledrodei ; that which goes from the + pole of the battery, i. e. 
the positive electrode, he distinguished as the anode, and the 
other or negative electrode proceeding from the — pole, he 
called the cathode: an tin which deposited Itself on the anode, 
he named anoniwi,' such as arranged themselves on the 
cathode, he named caf/tioni. It is not absolutely necessary 
thai the electrodes should be metal, their surliico may be air, 
water, or any other substance whatever ; all that is essen^l 
Is, that the stream should pass through them Into the fluid 
you wish to decompose. 

Fechner, on the other hand, has attempted to eiplain the 
chemical effects of the electric current, on the hypothesis 
that they depend on the fundamental electrical forces. He 

elements of an electrolyte as goes on when two electromotors 
are brought into contact. Both elements are by him sup- 
posed to be in oppoute eleclrical conditions as the result of 
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their contact; thej, therefore, attract each other, Ktid are bdd 
ia B latent state, ^'hen the cnnneiion in a voluic battery 
is eitablished by means of an electrolyte, and iwfore elec- 
trolfiia commences, its elemeols will arrange ihemselves in 
the fbllowing order, by virtue of the electrical polariiation 
enunatiDg from Uie excited electromotors. (See § 505.) 

Now to effect a separation of the elements a and b, (he at- 
tractire force of the + pole on the negatite pnrdcle a must 
exceed the force by which it is joined to -)- b. Id such a ease 
the particle a vould nther combine with the substance of 
the pole (or electrode), if the requisites for a chemical com- 
bination were fulfilled, or else by the action of the pole it 
irould merely be deposited on it; > repulsiie force would 
then be excited on the particle b, and an attracllve one on c. 
Tliese two pgrticles would thus be brought nearer together i 
for an instant they would combine, but the progressive and 
overpowering action of the + pole would almost as quickiy 
separale them, and thus the influence would be regularly 
transmitted through the entire stratum of the electrolyte 
lying between the poles (or electrodes), b and c change 
places in consequence of the influence of the pole ; 6 and d 
■re then rendered repulsive to each other, while the former 
attracts (, d Is therefore driven towards the — pole, and e is 
attracted by the + pole, and so on. The same influence 
which has been assumed to emanate from the 4- pole, proceeds 
also from the — pole, only with this distinction, that it acta 
on the elements of the electrolyte in the opposite direction: 
electrolysis is accordingly carried on and lupported by the 
simultaneous and corresponding action of both poles. 

According to this theory, the permanence of the current 
IS owing to the chemical decomposition and transmission of 
the elements, resulting in the first instance from their con- 
tact. The consequence is the same as would ensue if the 
electrolytes were merely conductors and not eieitera of 
electricity ; but the internal process is altogether different. 
The elements libeisted by electrolysis propagate, according 
to this hypothesis, not that electricity which they derive from 
the metals, but their own antagonist electricities, for which 
they are indebted to iheir chemical combination. Knee, 
however, this electricity neutralises the opposite etectricitieo 
of the electromotors, a fresh eicitation and discharge of 
electricity must be supposed to take place In all the metallic ■ 
plates of the pile. 
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. Wc have already remBrlied, tbal all compound bodies cannot 
be immediately decomposed by means of the current. Faraday, 
therefore, divides them iota such as admit of prinwry and lectmdBn/ 
detompotUian. Those bodies which are decomposable directly by 
the elMtcic current, i.e. Ibe electrolytes, must consist of two ions, 
and mu!t also render them up during the act of decomposition,; 
but nitric acid and sulphuric acid are not electrolytes, because 
they are not composed of electro -chemical equivalents of simple 
ions, and can only be decomposed b; a secondsr; action : in many 
of these cases, the electrolysis of water forms an important part 
of the process. New chemical combinations are often formed 
umullaneously with the decomposition of an electrolyte ; the ions 

£ivours their combining chemically. In many cases the elemenu 
combine chemically with (he metallic electrodes or polar wires, 
whose surface thereby becomes altered, or the elements of tho 

This secondary action obtains most frequently in the de- 
composition of water and aqueous solutions. If gold or 
platinum be used for the electrodes, the oiygen will be given 
off at the + electrode, and the bydri^eii ai the — electrode ; 
but if the -^ electrode be made of any hose metal as ex, gr. 
zinc, no oxygen n ill be evolved there, for it will combiqe 
with the metal and form oiide of line. ]f the water contain 
any sulphuric acid, it will unite with the compound just 
named, and form sulphate of zinc. In an aqueous solution 
of iodide of potassium, the iodine will appear at the positive^ 
and the hydrogen at the negative electiode: the potassium 
will unite with the oiygen of the water and form polassa. A 
solution of sulphate of copper In water while decompoung 
givesoff oiygen at the positive electrode, and metallic copper 
at the negative pole, sulphuric acid being obtained in the 
liquid. The process may be conceived of thus, namely, that 
the metallic oiide is conveyed by the current to the negative 
electrode, and tliat it la reduced by the evolution of the 

while, go to the positive electrode where the oiygen escapes 

in the form of a ga.s, if the electrode be of either gold or. 

■ platinum, and the acid remains behind in the liquid ; if, 

acid combine, as stated above, with the meUl. 
The regularity with which ll was observed that the elements 

pole and others on the other, led to the formation of a new system 
of chemistry, known as eUdTa-chemiilry. Sir H. Davy, who was 
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rialtjr extended and imprnved. Tfaia system proceeds on tlie ts- 
suDiptioD thnt the attractive toice of opposite eleclrieilies is tbo 
fundtunental cause of every cbemical combinalion whatever; 
every compound substance, therefore, consists of one positJTely, 
and one Degatively electrified element. Starting from this point. 
an attempt has been nude to arrange all Ibe simple substances 
aecofding to their choice of tbe electrodes in a hydro-electric 

one combined with that which preceded it in the series would, on 
beini; electrolysed, go to the positive electrode, while the latter 
would go to the negative r in siich an electro- chemical series, the 
first element will be that which is the most negative, and the last 
tbe most pusittre. On the same principle, the acid In a salt is 
irej^ded as its negatiie. and the base as its positive element, 
because, when subjected to the process of electrolysis, the base is 
found at the negative, and the acid at the positive electrode. 

The electro-chemical order of the 54 simple substances as 
given by Berielius in 18^5, is as fellows: oiygen, sulphur, 
nitrogen, fluorine, chlorioe, bromine, iodine, silenium, phos- 
phorus, arsenic, chromium, vanadium, molybdenum, tung- 
sten, boron, carbon, antimony, tellurium, columbium, titS' 
nium, silicium, hydrogen, gold, osmium, iridium, platinum, 
rhodium, palladium, mercury, silver, copper, uranium, bis- 
muth, tin, lead, cadmium, cobalt, uickel, iron, sine, manga- 
nese, cerium, thorium, lirconiiim, aluminium, ittrium, beryl- 
lium, magnesium, calcium, strontium, barium, lithium, 
sodium, potassium. As has been observed alri^ady. it must 
not be supposed that the above has been absolutely deter- 
mined to be the eiact order of the simple substaoces, 
espemllyas the rank of but few of them has been ascertained 
by direct eiperiment : with regard to most it has been 
deduced from their chemical relauons. The metals which 
precede hjdrogen in this list are tteclro-tiegative, and such as 
come after it are deitro-potitite- 
As we have described in the preceding paragraphs the prin- 
cipal phenomena which attend the el ectro-chemi^ decomposition 
ijf a compound body, we may now proceed to describe a few ex- 
periments by way of illustration. 

Firit Ezpl. DtampmiHon of water. — Water is the sub- 
stance whose electrolysis was first noticed, and as it was seen 
that its oxygen was invariably given off at the + electrode, 
or + pole, while the hydrogen was as constantly found at 
the — pole, the former received the appellation of the 
oxj/gin, and the latter that of the hfdrogai poll. 

In consequence of the low conducting power of pure 
water, it can be decomposed only by means of the intense ' 
current obtained froras battery consisting of a large numbec 
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of plates. Increase the conducting pover by miiing some 
acid with the water, and its detorapoailion will be effected 
bj means of a less powetful current ; tbe action will be still 
further accelerated if tbe oiygcn that is given ofi'can combine 
chemically with the +~electrode. 

Water' may be decomposed by means of a very feeble 
current, if the following arrangement is adopted: 

Immerse a strip of amalgamated zinc into a glass of water 
impregnated with a little sulphuric acid, no action of the 
liquid on the metal will be visible ; immerse a suip of 
copper also, it too will he unaffected bo long as the two 
metals are kept asunder, but when those pBrts of the zinc 
and copper which stand above the surfece of the water are 

little bubbles are seen to deposit themselves on the copper j 
these bubbles contain the hydrogen set free by the decom- 
poution of the water, the oxygen at the same time pastes ou 
to the positive metal (the linc) and oiydises it. 

If tbe electrodes of a battery be of platinum or gold, on 
plunging theru into aradulated water its elements will be 
given oFT according to tbe laws of electrolysis, the oiygen at 
the -i- electrode, and tbe hydrogen at the — electrode. Both 
the gases rise in the form of minute bubbles in the water, 
and may be taken off in small receivers either separately or 
together, so as to make the detonating oiybydrogen gas. 
A very convenient piece of apparatus for Ib'n eiperiment 
and other umilar decompoationa has been contrived by 
Milscherlicli ; it is represented in fy. 192. : D and A are two 
Fio 193 glass tubes about ^ an inch wide, 

V ' and from 6 to S inches long, gra- 

duated and closed at lop ; at p there 
is a side tube through which > 

reaches into tbe tube, and serves as 
a pole of the battery. Tbe action 
of these electrodes is materially in- 
creased by making them terminate 
in a small brush of fine platinum 
wires 1 their cfRciency is still further 
heightened by covering these with 
a little spongy platinum. Fill the 
glass tubes with acidulated water, 
invert them, and plunge their open 
enda under the same water with 
which the glass vessel g is filled ; connect the platinum wires 
with the mercurial cups, or tbe binding screws a and b; tbe 
tubes should be so attached to the upright V s, that Ihe^ 
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may hing near tagetlwr. 1 1 now the + wire be placed in 
the Diereuiial cup a, and the negative wire be put in 6. the 
circuit is completed, and the gaset will begin to be giren olT 
at the two platinuia electrodei pp, in such a manner that 1 
measure of oxygen will be collected in the tube o in the 



apparatus just described a1 
ofany neutral salt, sj ex. jr. with a solution of sulphate of 
sodium, or nitrate of potassium, which maybe oaloured blue 
with some vegetable pigment, such as tincture of violets or 
iris petals ; then the acid being given olf at the + electrode, 
the liquid will become red and the alkali at the — electrode 
will tinge the liquid green, Transpgse the polc:< so that the 
negative electrode shall be in the red fluid, and the positive 
in the green, afler a short lime they will both recover their 
ori^nd blue tinge, and then that which had before been 
red will become green, and the green will turn to red. 

TTiirdExpl. Rtgular depaiit of a melal from tht nAutimt of 
■ a mrtallic tall. — It is in this kind of electrolysis especially 
that the de-oiydiiin^ influence of the hydrngen is observable, 
which is given off at the negative electrode, whilst the 
oiygen of the metallic oiide is slmulteneously developed 
wjth it, and the two gases farm water ^ the positive metal is 
consequently thrown down in a regular deposit on the nega- 
tive electrode. These decomposUions are effected by means 
of very feeble currcnla ; for if thrir enei^ is considerable. 
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vbicii will be decompOBed b^ the current pissing; through 
them : after the batter; has been some time in action, the 
reduced metal is seen on the negatiTe wire treiguentljr in a, 
crjstaltine form, and it irill continue to be deposited until 
the entire quantity contained in tbe solulioo baa been con- 
veyed to the ne^tiie electrode. 

A similar re^^ult is obtained by surrounding a piece of 
zinc n-ith brown ]>aper or linen, and immening it in dilute 

taining a solution of sulphate of copper, and connect a piece 
of some negative metal vith tbe line; a copper, silver or 
gold coin will answer the purpose well, and will in a abort 
time lie completely coated over with copper. 

The chemical metallic vegetation known by the name of 
lead, and tin Ireti, and the ailmr Iret, or arbor Diinta, are 
strictly analogous operations, ss in tbese metallic solutions a 
bit of unc is immersed on which the first atoms of metal are 
depoHted in the first instance, ihrough the action of chemical 
silinity, these atoms l>ping in contact with the 4- electro- 
action of which the further deposition of metal depends. 

In the eiamples already given, the electromotors tfaem- 
selves discharge the functions of electrodes i. but the like 
results may be obtained from either single or compound 
latteries, by conducting their wires into a glass containing 
the metallic solution to be electrolysed: in thb case no hy- 
drogen will be given off at the — electrode; but instead, 
there will be formed a regular deposit of metal. 

FoMrlA Expt. BtdMctim of the alialine tnttaU. — As the 
alkaline combinaliuns display the most powerful cliemical 
aflBoities, they require the strongest electric currents to effect 
their decomposition. Sir H. Davy lirst succeeded in re- 
ducing Ihem in 18UT, and 80 caused the alkalies to be trans- 
ferred from among tbe simple substances with which ibey 
had previously been ranked: many other philosophers liave 
since that time ellected tlielr decomposition. The experi- 
ment may be conducted in the following manner, by means 
of a tolerably strong l)atterT, the requisite intensity being 

battery of a sufficient number of pairs of plates : lay a tliin 
piece of caustic potash slightly moistened on a disc oF silver 
or platinum connected with the -*■ pole of a battery, and 
touch the surface of the alkali with the silver or platinum 
wire of the — pole; the alkali will begin to fuse at tbe 
point of contact, and soon a small globule of the reduced 
potassium conspicuous by its metallic lustre will be seen on 
the wire : to secure it from oijdatioD, which wquld other 
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wise commence almost instimtlf, the potsssium should be 
put ia petroleum, or Barbadoen tar. 

By availing ourselves of the affinity of mercury, the «Hca- 
lies Tnaj' be reduced with apparatus of mean power : accord- 
ing to Puff's and Henchel^ eiperiments with piles of not 
more tban 10 pairs of plates. To perform this experiment, 
scoop out a prett; deep hole in a pietx of moistened caustic 
potash, and fill the cavity with mercury; lay the potash on 
a platinum plate which is connected with the + pole oi the 
pile, and put the quickdiver in contact with the — pole 
whose wire must be either iton or platinum, on it the mer. 
cury will epeedUy be deposited as a solid amalgam. Ac- 
cording to Beiielius, it is best to pour a concenttated lye of 
caustic potash, the solution being such a saturated one, that 
it shall contain some potash undissolved, oyer the mercury, 
which should be held in an earthenware saucer, then conduct 
the negatiie wire to the mercury, and the positiTc platinum 
one into the lye; the quiclcsilTer will become thicker and 
thicker, and small metallic crystals of the amalgam of potass 
siuro will be formed, their figure brang apparently cubical. 

Sodium may be decomposed as rstdily as potassium, hy 
the aid of mercury, if we use some of its salts, especially 
either sulphate of sodium, or chlorate of sodium ; the slka- 
line earths may also be reduced hy meann of mercury, which 
combines with their metallic radical so as to form amalgams ; 
the earths will, however, require rather powerful batteries. 

By this process we may ohtain the amalgam of amnttmia, 
Benelius's method of obtaining this singular substance is 
the fallowing. The experiment may be performed, he says, 

Terence cnlyt that a concentrated solution of sal ammonia 
should be poured cm the mercury, which will begin to 
swell up and continue to do so until it attains from 5 to 6 
limes its original volume, the metal will acquire a silvery 

amalgam may be procured in larger quantities, and of a 
drier form, by scooping out a hole in a piece of sal ammonia, 
moistening it with a little water, and pouring a small quan- 
tity of quickuiver into the cavity, then connect the mercury 
by a platinum wire with the — pole of the battery, a similar 
wire 1>eiiig made to join the moistened sal anunonia with 
the + pole, passing as near as possible to the quicksilver 
without coming into actual contart with it. Tlie globule of 
quicksilver will increase gradually till at last it eitends &r 
beyond the cavity which at first contained it. This amalgam 
is procured most copiously and readily, if the quicksilver 
employed in the Ust eiperlment to accelerate the reduction 
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Fifth Expt. Traitimisiim of tht decimpiaed tUmtnin 
throuffh subitaniet ahicfi hane a hw conductinp power, and 
t&tough li^uidi vUcA have a eheniical affinily for Ihem. — The 

conduciing powers, and throufh fluids with which the; 
might have been eipected to combine chemically, bo Uiat 
they arrive at the respective eirctrodes of the Itattcr; is cer- 
tainly one of the most extraordinary phenomena of electro- 

llie third experiment may serve as an illustration of the 
transmission of the elements through porous bodies^ as blad- 
ders, earthenware, aod the like ; fur, on referring to that 
eiperitoeut, it will be seen that the current and the electro- 
lysis of the mEtal are tranamilled through the bladder. Thia 
procesi may be rendeied visible by filling the gtasa tub4 
with a solution ofsulpbale of sodium, and the ouler glass 
irith water, then colour both the liquids blue, vith some 
vegetable tincture ; aod that which contains the negative 
inetal will become green, and that in which the positive melal 
stands will be red. The like obtains in those batteries which 
have two fluids separated by meaos of a porous cartheDware 
eell. 

The products obtained by the decomposltlan of the sub- 
stance electrolysed, pass to their respective poles, through 
different liquids which communicate with each other, as may 

Fill two small glass vessels with the liquids to be de- 
composed ; connect the vessels by means of some threads of 
cotton. In like manner interpose aootber vessel, also con- 
taining some decomposable liquid, between the first two; 
connect it with them by thread ; into the outer vessels bring 
tbe poles of a galvanic battery, and'the following results 
will be observed. 

In whatever rrkanner you may have distributed the fluids 
ia the diff^nt glasses, afler some time tlieir eleclto-n^ativ.; 
element will have accumulated in the glass that contains the 
positive eleclrode, and the positive element in that which is 
conneceed with the negative electrode. Immerse, ex.gr., llie 
positive wire in a solutio'n of sulphate of sodium, and the 
negative wire in pure water, the acid will collect about tho 
former and the base about the latter : the base must therefora 
have be«i carried over into the other glass. Thia inter- 
change of the substanceB may be made apparent bj 
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djeing the liquids in the two TetKla blue, vlth tincture of 

'ITie add or alkaline elemetils, in tbeii puuge through 
the middle glass, do not in the letist degree affect Ifae liquid 

'I'hli iranBHiistion obtains onlj when they have to pass 
through a fluid with which, but for the volluc pile, Ibe; 
would foriD a solution. 

§517. 

Faraday's comprehensiTe investigations led him to discover 
two important laws in electrolysis, the accuracy of which baa 
been confirmed by Ihe subsequent researches of Frof«sor Jscobi. 
He found thai, " tki chnnical pavrr of a turrtot of eUctritiiy u 
in direct proportioM to the abnlttte quantity of ttedricity yhick 
•panel" or. expressing it according to Ohm's ls<r, "to the qaaittily 
ofetectridly lehieh patiei dvriHg Iheproeeie itf deconpotition Iknmgh 
the tranntrte eedioa of Ihi baltiTy." Hence it Jbllows that the 
safme quantity of dcciricity will alwsys decompose sn equal 
portion of the ssme substance: so the quantity of the elements 
obtained in any given unit of time will depend on the density or 
Jnteniity of the current employed. Hence if tbe inlensilics be 

fimes as much of tbe body electrolysed will be decomposed. If 
tbe mass and density or Uie eleciiicilj emitted, that is to say, if 
the elect rorootive power and its iniensity, remain unaltered, the 
effect of the current or tlie quantity i.f the substance deeompwed 
will be the same ; but if one or both of these laetors be altered, 
the degree of chemical decomposilion witi be pioportionally 
affected. 

If we tale into account Ihe time required to produce a certain 
eflect, we may use any substance to measure the irilentUf of tbe 
electric current, if it posaesHes the following properties, t!i. Ibat 
it is easily resolied, that its structure is perfectly uniforra, and 
that the products yielded by its deeamposition admit of being 
readily measured ; the reader will bear in mind that the quaaHty 
of electricity discharged in a current is measured by means of a 

measuring the intensity of the eleclric current, and gate to his 
invention the name of a rolla meter. llie electrolyte which bett 
fulfils all the requirements is water, and any arrangement in 
which a stream of electricity is made to decompose it, if furnished 
with the metni for measuring tbe quantity of gaa thus generated, 
Biay be regarded as a valts.metcr. 
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Fig. 194. In fig. 194. we have represented 

s very simple and efficient kind of 
irol la-meter. V is a glass cylinder 
capable of containing Ironi two to 
four ounces of water ; it is covered 
with a weU-polished piece of plate- 
glass, {the lid may, however, he made 
of meul, ifcace is taken to insulate 
the wiles a and 6, which are carried 
through it), p p are the two electrodes, which consist of two 
plates of platinum or iron placed parallel, and as near to- 
gether as possible. The wires to which these plates are 
soldered pass air-tight through the lid, and are connected 
by two binding screws with the wires of the battery, p ia 
also a glass Cube, filed air-light in the top of the cylinder; it 
is meant to be placed under a graduated glass tube in which 
the oiy-hydrogen gas is taken olT as it is liberated by the 
decomposition of the water. According to PoggendorTs 
experiment'^, if (he electrodes be of platinum, it is best to 
roil the water with sulphuric acid, but if of iron, it js ad- 
visable to add, instead, a tenth part of caustic potash. 
The other law, equal in importance to the first, is this, "tit 
am&uni of elettra- chemical action ia a conrlant quantity, L t. woald 
aitcaga be etfuieaieni to a gloTtdard chemictd ^fftct foi*ndt:d upon 
ordixarg cJiemical affiniti/," in other words, tht quantUin of the 
producln ahich ang stream of dedricity ditsngtigea bg reaolping 
tmrioua electrnlgteg are to cadi other in tht sanu ratio at that in 
lehich theg combine chtmic<dly. This is knOwn as the tau of definite 
electn^gtic aclitm, in accordance with which Faraday lias called 
those masses of bodies which combine with equal definite quan- 
tities of electricity dictro-chemieal equioolmis. ' From the above 
law we may deduce the following important conclusion, that, in 
consequence of the proportionality that subsists in all decompo- 
sitions elTected by the same quantity of electricity, reckoning 
according to the atomic weights of the bodies resolved, the atomi 
of alt aubatancea ' mhatevef mutt tahe up or hoid, rn an equally latent 
Mate, tgnal quantiliet of electricity. 

From a number of experiments originally performed by 
Faraday, and since repeated and modified by Pfaff, it was 
aacertained, that far every aloni of water decomposed bj a 
hydro-electric current in a volta-meter, one atom of any- 
other electrolyte or iou would be resolved by the same stream 
in its passage through another cell containing it. Thus 
Faraday found in transmitting a current of electricity tbrough 
a volta-meter which bad an amalgamated zinc plate Tor ita 
positive and a platinum plate fur its negative electrode, that 
whilst one part by weight of hydrogen was evolved at tba 
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latter, 32-3 puts of tine were dii»olved at the ronner. But 

ia'48 : 40S'23, or OS I to 32-3. The current would produce 
preciielj the same effect ir conducted tbrougli an; similarly 
arranged apparatus, ex\ gr-, in a single pnir of plaiea of 
amalgaioated line ftnd copper, or in a compound voltaic 
batter;, for every equivalent of bydrogeo that is erolted, ooe 
equivalent of zinc vauldbe dissolved, so that the consumption 
of the metal would be alwajrs equivalent to the d^ee of 
electrolysis reached. 

§519. 

The power of the electric current to effect chemical decom- 
pontioD manifesto itself, as has bKn already remarked, equally in 
ever; member of a voltaic pile. This chemical action eierti a 
perceptible influence on the efFeet of the current generated by a 
hydro-electtic battery; its influence being greatest on those 
batteries in which either a dilute acid or some saline solution is 
employed as the exciting liquid to act upon the metals. These 
batteries in consequence of their combination possess in the Rist 
instance but a feeble force, for the same fluid is in contact with 
both the electro-poutive and the electro-negative meUl, con. 
sequently the electromotive power of the two metals is similarly 
though unequally impaired ; thrir infiuence tlierefore in gene- 
rating the current corresponds to the dlBference in the electro' 
motive excitement of the two metals, (Comp. g 505.) The 
elements of the liquid, too, which accumulate about the metals 
tend to diminish still more this electromotive difference. The 
hydrogen, the bases, or the meUllic oiydes collect about the 
negative metal, whilst the oxygen, the chlorine, and the scidi 
gather around the positive metal : the former is therefore coated 
with positive substances : it is Ihereby polarized and rendered 
less negative, and the Utter by oiidation becomes less positive : in 
proportion as these changes are brought about in the electromotive 
fluids, and in the metals on which Ihey act, the difTerence of 
tension will be diminished and the current will be enfeebled. 
Pechner's opinion is, that the diminution in the fluid's eon- 
ducting power that attends its decompoution contributes in the 
higheat degree to reduce the strength of the current. 

Tliese influences tell less powerfully on Daniell's, Grove's, 
BuDsen's, and the other batteries of more modem construction, 
in which each electromotor stands in contact with a fluid that 
eicites it in a manner, ttie antagonist of that in which the other 
electromotor is eicited by the fluid in contact with it. (Camp. 
§505.) Hence the initial tension is greater than in such bat- 
teries a* have but a single fluid : again the products obtained by 
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decomposition diminish but litlU, or not at M. the differance of 
tension between the electrmnotors, as will be Been from the fol- 
lowing considerations. If some sulphuric acid but sligbtljr 
diluled be used in one of these batteries to act upon the amal- 



aoid that is in conlact witb it, so that the sur&ce of the zinc 
remains unchanged ; the electromotive fluid in the meanwhile 
becomes gradually converted into a solution of sulphate of zinc, 
which, as both Pfaff and Poggendorf ascertained, is nearly or 
quite a» effective as the sulpbuiic acid; the electromotive pro- 
perties of the lino are therefore but little, or not at fl!l, impaired 
by the continued action of the battery. In Danietl's battery, in 
which a solution of sulphale of copper is made to act on the 
copper, the process of decomposition is similarly advantageous; 
as the poMtive hydrogen emitted at the copper reduoes the oiide 
of copper formed nmultaneously with it, and which depouta 
itself as the pure metal on the negative copper surface. The elec- 
trical tension of the apparatua is therefore maintained at the 
■ame point, so long aa care is taken that the solution of copper 
^allbeasatnratedoae. In Grove's and Bunsen's batteries, where 
concentrated nitric acid is used to act on the platinum and carbon, 
ihese electromotors are not polariied and enfeebled by the hy- 
drogen given off at them, because at the very instant it Is gene- 
rated, it combines with one equivalent of oxygen from the nitric 
acid and forms water, and a corresponding portion of nitrous acid 
escapes as a gas I thus, as Schiinbein expresses it, the platinum, 
and by analogy the carbon also, become dtpolarized and relatively 
exalted in their electromotive functions. To this the more recent 
batteries are indebted for their superiority over the older ones, 
since tfae effect of tbeir current is for a length of time unimpaired. 
they are therefore feirly entitled to the appellation of conitant 
balleria. 

§ SI9. 

Within the last fev years the decomposition and reduction, by 
means of the hydro-electric current, of metals held in a state of 
solution, has led to several important discoveries which have been 
variously applied to industrial purposes. Such are the arts of 
t/ectntyptHg or galoanopiaatiCf yalvaTiOffraphy or eltdrography, 
and declro-platinff. 

Electiotyping was simultaneously (1839) invented by Jacobi, 
of Petersburg, and Spcnc«r of Liverpool. By thii process copper 
casts are obtained of objects. It was observed that in a Daniell's 
battery a regular deposit of copper was formed on the negative 
metal by tbe secondary Bctioa of the solution of sulphate of 
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luneof the eleclrolygis; an object a cut from which 
IS Ihcn madetodiBcharicelbeftinctioiiiiaf thenega- 
OT in one of these batteries, and the tnoleculeg of 

ce being adopted that aRei the desired thickness of 
metal had bpea attained, the wiiole might be removed without 
injury ; o-hen e?eT; elevation and depression, nay, etcn the most 
minute features of the original^ were found to be depicted on the 
copy. Instead of using the object itself as an electromotor, an 
eartiieuware cell containing the solution of copper may be used 
BB the Degatiie electrode, and by conducting the stream of elee- 
tricitjr (liFough it, the deposition of the copper will be obtaiaed 
as readily as lietbre. 

sent* a very simple electrotype apparatus. 
A is a glass cylinder in which the mould 
from which a cast is to be obtained is 
placed ; the width of the cylinder will 
depend on the dimensions of the object. 

suspended on the former 'by means of a 
metal ring, d «, to which are fixed three 
strips of metal. The mouth of this 
cylinder nt n is closed by tying over it 
a bladder or piece of thin parchmMll. 
The strip of copper or brass, t c, has two 
binding screws, b, a, (if both are on one 
ude it is better) by which the wires are 
secured, whose lower eitremities act ai 
the electromotors. An amalgamated 
1 suspended in the inner vessel ; this is the 
The body k from which a cast is to be got 
IS laid on the spiral in which the wire bk terminates; the 
model is of course the electromotor. The outer glass, A. 
contains a concentrated solution of sulphate of copper, which 
is kept in a saturated condition by hanging in it a muslin 
bag filled with small crystals of sulphate of copper. Water 
slightly acirtulsted with sulphuric acid, or a solution of 
common salt, is used as the exciting liquid to act on the unc 
in the inner vessel B i care should he Uken that the liquida 
stand at the same height in both vessels. The arrangements 
just described may, without injury, be inverted, that is to 
say, the linc with its liquid may occupy the outer cylinder, 
and the mould with the solution of copper may he in the 
inner one. It is obvious, from the description given of this 
apparatus, that it constitutes a simph 
eiciiing liquids in which the body t 
copper acts as the negative electromotc 
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C(q>per or brass renders the circuit complete, Ifae electric 
stresm passes from the ilnc Z to the mould t. If you wish 
to conduct the process in ■ jar or cell, jiau must pour into 
it a little solution of sulphate of copper; the model must in 
thb case be the negative electrode, and a plate of copper of 
about equal dimensions vill serve for the positive electrcxle. 
Let both be placed parallel to each olber ; the electric stream 
to be sent thiou^ them is obtained fioni a conotant batterv 
of from 2l« S purs of plates; the model is to be connected 
with the negative, and the copper-plate vith the positive 
pole of the battery. In this case the plsle of copper which 
acts as Ihe positive electrode will be dissolved hy the sul- 
phuric acid that is liberated in eiactlf (he same proportion 
as the copper is precipitated on the negative electrode, that 
is, oD the object Irom which the cast istg be got: the udution 
of copper is thus maintained at the requisite strength. 

The following particulars must be attended to, in order lo 
obtain good electrotype casts. The surfaces of the original 
should be good conductors of electricity, and especially they 
must iMl con^st of any metal or metallic coating which 
would be dissolved by the solution of copper, or for w|}ich it 

unsuitable. It is hy no means necessary that the model 
should be of metal ; it may be of gypsum, siearine, wax, 

surface to be modelled from must receive a metallic coating; 
line plumbago dust, or a thin film of silver, or bronze 
powder, laid on with s camel's hair brush, will answer well. 
In taking casts from coins or other metallic objects, oD 
which it is undesirable to have any metallic deposit, it will 
be adrisable lo do tliem over wiih was dissolied in turpen- 
tine. It is clear that in every electrotype cast, the elevated 
portions of the original will be depressed, and the depressed 
irill be elevated. To obtam an exact facsimile of the original. 
the first east must be used as a mattiiion which a deposit of 
copper must be thrown by the electrotype process, and the 
copy desired will be produced. Engravings on copper-plates 
have been multiplied by this means, and the copies are 
equally serviceable for printing from as the oripnals. M. 
Von Kobell has obtained pictures from designs un copper 
and silicT plates, the effect of which closely resembles that 
vf drawings in Indian ink. 

The electrical stream by which the copper is thrown down, 
must not be too strong, or the coating of copper will not be 
sufficiently Chick and tenacious; it is of great importance 
that the current should be of uniform slrength, for which 
reason it is best to use a Daniell's or some other constant 
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Intterjr, thst can be regulated by a galiuiio compass 
(}5t2.); the batter; Jl$. 195. is furnish^ viih 1 magnetic 
needle w placed on the strip of metal It. The constancy of 
the Btrengtb of the cuTrentia best maintained bj keeping up 
the solutjoa of copper in a saturated coodition, which may be 
effected either in tbe manner named in describing the 
appajratus, or as has been alieadj shown in § 505. 

We have a remarkable illiistratian of ihe perftct accuracy 
of an electrotype copy, owing evidently to the extreme mi- 
nuteness of the particles of cupper, in the fiict that an eteetto- 
type copy of a Bsnon's Jris-button (§ 327.) produces as 
fine an effect by the prismatic inlerTerence as Ihe original 
itselE 
Eltctregraphy ai gaitaiuifraphti, which was first discovered and 
applied by Osann, depends on the oppoule eSbet of the electric 
current to that on which electrotyplng rests. Id this process the 
resolving power of the current is u>ed to bite in 6gures and draw- 
ings on a copper plate, which is placed in a cell, and acts as the 
positive electrode ; the marks on the plate are made by tbe deposit 
of sulphu'ic acid ; all those parts □□ which it is not iutended to act 
are theri^fbre coated oier in the same manner as in preparing tbe 
ordinary meiiotint engravings. 

Eltctnplatiiig i), properly speaking, only a modification and 
extension of electrotyplng, inasmuch as it canusU in covering me- 
tallic objects with s coat of solid gold, silver, platiaum, copper, 
line, &c., of any thickness that may be desired. De la Biie 
fiiat bhowed the application of galvanic electricity to this purpose: 
Dr. Bottger introdOced some alterations in (he details, which have 
been still brther simplified by Dr. Eisner. In the main it con- 
sists, like the electrotype, in coiering with one or other of the 
metals named above some object which acts as Ihe negative 
electromotor in an apparatus resembling that depicted injij). 195.; 
the object la be electro-plated is immersed !n a solution of the 
metal with which it is to be covered; this solution exerting on it 

is generated, thai the metal disengaged from the solution is 
regularly thrown down and adheres firmly to the immersed body. 
Elkington's and Recoh's method, which has come lobe geoeraUj 
adopted, differs from that just described in carrying on the trans- 
fer of the metal in a distinct cell. According to th^r plan the 
metallic solution is contained in a vessel of glass or earthenware, 
the size of which is proportioned to the dimensions of the object 
to be gilt or siliered. Immerse the object completely in the fluid, 
and connect it with tbe — pole of a constant battery of &orn S 
io 6 pairs of plates ; it wUl thus form the negative electrode ; 
suspend a plate of the same metal as is held in solution and of cor- 
responding sLie with the object you desire to cover opposite to it 



LJnnzprh.GoOglc 



[US. 137 

in (he liquid, and it will act as the + electrode. Any gilt or Mlvered 
article ma; be deprived of the metsl with which it is coated by 
using itflilhe pusitive electrode and a similar piece of metal for the 
negative electrode; the plaling will thereby be diesolved and be 
transferrHl to the latter. Solutions of the cyanide of the Tarioua 
Tnetala are most commonly employed for this purpose;- Dr. 
Hsnte says the simplest mode of obtaining them is to pour-U 
aqueous solution of cyanide of potassium (I part of die latter to 
10 of water) into a glass, in which suspend the metal, rolled SB 
thin as possible, as the positive electrode, and at the distance of ft 
few inches hang a capper wire as the negative electrode, taking 
care that it shall not sink more thpn j an inch belo» the surface 
of the liquid. Keep the solution at a temperature of about 100°, 
and in the courw of E4 hours tlie electric current generated will 

acted as the negative electrode begixis to be covered with a deposit 
of the dissolved metal, the solution is strong enough. 

The tinning of iron, steel, and cast'iron must of necessitj' 
be highly important for many purposes connected with the 
arts, and we may even anticipate the application of the pro- 
cess to protect fire-arms and ammunition from the action of 

On this principle Becquerel conducted his eiperiments for 

obtaining in a crystalline form many bodies which had not 

previously been procured in that state. For this purpose a 

very delicate stream was conducted by fine wires into the 

fluid that was to be decomposed i on which aller a conuder- 

able lime, ejtremely minute particles were deposited in the 

form of beautiful crystals. Batteries such as thai represented 

injij, 193. will be found well suited for this eiperiment 

If a feeble current be applied to polished plates of platinum. 

steel and silver, by using them as electrodes, and immersing them 

in an electrolytic fluid, certain figures will be visible on them, 

called after their discoverer Nobilfi Elrctro- C/temiaU Figvtt ; 

the best solutions are those of acetate of lead, acetate or sulphate 

of copper, and acelate or chlorate of manganese ; using then a 

polished plate of any of the three metals named atuve u one 

electrode, take a fiue-pointed platinum wire as the other electrode, 

and bring it within one or two lines of the plate. The dements 

tiAs continued for lome llttia tlmfi, bwt 
The aoluIioD la now read; Tor uh. uui 1ft 
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obtained by the decomposition of the liquid will be deposited on ' 
the metal plate, generally in the raim of concentric circles whose 
centre is eiaclly opposite to the point of the wire ; (heir colours 
are various, very much resembling Nen'tan's prismatic rings 
(g S37), and so firmly Hied that they cannot be removed even 

that with regard to many of the solutiona (rjr. gr. acetate of 
lead, aeetate and chlorate of manganese), the figures are more 
beautiful if the plate is used as the -h electrode, whereas with 
others (as, tx. gr., acetate of copper) they are most brilliant if the 
plate is the — electrode. Alter a figure bas been formed reverse 
the poles and it will (^duaMy vanish ; if the action be continued 
the opposite electrical figure wi'll appear. 

Tlie above remarks may be illustrated by the following 

Fir»( Expt. According to Fechner, Nobili's figures nwy 
be produced by the Teelilest current or a simple voltaic bat- 
tery; lay a small plate of polished platinum or steel in aa 

sulphate of copper to the depth ofa few lines, and touch the 
plate with a painted strip of line tbe other end of which is 
in the fluid. 

Steond Expt. These figures will be obtained with increased 
brilliancy and beauty by using a constant battery of frum 
two to six cells. Then, according to the solution employed, 
connect the plate with either the + or — pole of the battery, 
and bring the pointed platinum wire which conducts the 
electricity of the other pole to within a couple oF lines of the 
plate. As soon as the electric circuit is completed the 
action of the platinum point commences and rapidly extends 
itselfover the whole plale. 



Hydro ieleclric currents are capable, not merely of hringing about 
chemical comlMnations and decompositions, but also of impeding 
Buch changes as, according to the ordinary laws irf" affinity, would 
ensue in a mode eiactly opposed to the tendency of the current. 
Thus to guard a metal against the chemical action of an acid or 
a saline solution upon it, all that i; necessary is lo place it in con. 
tact, or to combine i( with some other metal in tbe fluid, which 
may act as the positive electromotor when in contact with the 
metal you desire to protect. The oiydiiing and dissolving 
elements of the fluid are deposited on the + metal, whilst only 

ner iron, copper, tin, lead, and silver are secured by means of 
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line agunst the chemical action of sulphuric, nitric, and muriatic 
acids, as well as guld ajid plitinum against the dissol'ing power 
of nitro-muiiatic acid, ^r H. Davy succeufully applied this 
piinoiple in the means he employed for proieciing the copper 
bottomi of vessels against the corroding influence of the salt- 
copper sheathing lo the eitent of from ^fcth to ijjth of its entire 
surface. — Souictimes disadvantages are found to attend from 
the deposit of positive elements on metallic surfaces, as, for in. 
stance, leaden water-pipes occasionally become choked attlie joints 
bj the deposit of lime held in solution io the water. 

TlHTdExpl. Lay a piece of iron or copper plate in an earth- 
enware or glass vessel, and pour ou it some diluted sulphuiie 
add ; the metal will be violently acted upon li^ it and dis- 
solved. Nov touch it with a piece of linc, and the chemical 
action on the first metal will be suspended, being transferred 
to tlie line, and until it is wholly dissolved the copper will 
not again be acted on. 



§5SI. 

Lastly, from the action of these currenla, generated between 
the polar wires and the elements of an electroiyte, there arise 
peculiar movements which, from their origin, are called tUclro- 
ckaniadmoeementi. These phenomena were first observed several 
years ago by Eroiinn, and have since been more closet; investi- 
gated by Herschel, SbS, Runge, Fechner, and others. To 
render these movements visible, pour the liquid that is to be 
electrolysed on soma mercury, introduce the electrodes oF a 
voltaic battery, and, according to the chemical character of the 
fluid, the currents will be generated from the -I- or the — wire, 
sometimes tram both ; their course is sometimes rectilinear and 

Tlieae phenomena may be observed with voltaic piles of 
irom 10 to 20 pain of plates, or with constant batteries of 
from 3 to 4 cells; with many fluids indeed, very small 
Hngle batteries will be sufficient. 

The following are the principal results to be noticed in 
performing these eiperiments : — 

Pour some acid, ti. gr., sulphuric acid, slightly diluted, 
on mercury, and the meUl will be repelled by the 4- pole ; 
but if any aliialine solution be added, it wQL be attracted by 
the same pole. 

.11 .1- 1 .- ^^ restg^ whilst the positive wire does 
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' the — pole, and recede from the + pole. Establish the 
contBcE of the mercurr again irith both the poles i the aame 
effect as before will ensue, so that there vill be an alternaU 
contraction and expansion of the metat. If aa acid be used, 
the lame pulsatiana occur on plunging the positiie wire into 
the mercurf, the negatiTe wire onlj just touching its 

Runge sa;s, that the following electiochemica) motion! 
may be induced by a simple voltaic arrangement ; — Pour 
a corcentraled solution of common salt on quicksilver, and 
lay very carefully a small crystal of sulphate of copper on 
the middle of the mercury, and In a little while the bKght 
aurface of the metal will be cotered over with a film. Now 
touch the quicksilver, by piercing the solution that covers it 
with a smooth iron wire ; the film will be rent asunder, then 
it will entirely disappear, and an electric current will be 
generated that will impart a rotatory motion to Ibe crystal, 
which will.grow less and less until it ceases to be viuble. 



§ 532. 

The acquuntance we have now gained with the varied eSbcts 
produced by Uie hydro elec it Ic current will enable us to judge 
which will be the best adapted to serve as a measure of its 
strength. Fecbner, who, by his admeasurements of voltaic cur- 
rent!, has gained so thorough and comprehensive a knowledge of 
the subject, gives the following estimate : — 

He says that, in consequence of the unequal and inconstant 
degree of eicitabillty in organised beings, the pAyslohgieal tffeclt 
of the voltaic current are by no jneans calculated to give us an 
accurate measure of its strength. 

The txtitatim of htat, ta shown in the incandeacenee of the 
wires, affords us a high, but by no means sufRcienl degree of 
certainty in comparing currents ; and is applicable to power^l 
batteries, but must necessarily tiiil with regard to such as have 
but a feeble current. 

The chtmieal ifficti of the current, and especially its decompo- 
sition of water, supplies us with an extremely accurate and inva- 
ri^le atandard for estimating the force of tlie current, as regards 
both the quantity and intensity of the electricity. We may either 
compare the quantities of gas given off' in the same time, or we 
may notice the times requisite for generating an equal quantity 
of gas. The voltameter, described in § 517., is an'apparatua 
suited to this mode of .measuring the current, and has been thus 
used, especially by Faraday : it is not, however, tree from some 
serious defects. It cannot be applied to ■ simple galvanic ar- 
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rmngemeiit, became water is dissolved to slowly by it thai the 
product obtained vould ba imperceptible, even after the lapse of 
a coDiidecable time. This method is consequently limited to 
compound batteries, and even vtien applied to ttaem, it is attended 
with this ineonvenicnce, — that all eiperimenU conducted OD this 
prindple require a longer time than the other methods do, to 
furnish us with results that can be compared. Again, in propor- 
tion to the inconstancy of the electric current is the uncertainty 
and irregularity in the results obtained j and it is notorious that 
the stream of electricity is very ■rariable in alt the old one-fluid 

There remain only the mapMti'c ifftOt to be estimated, and in 
them we sliatl find alt the requisites combined which ve can de- 
tire in >a eiact measure of the (brce of the current. The devia- 
tion of the magnetic needle, mentioned above at § SIS, as the 
fundamental effect, serves as a gauge by which to Dieasure the 
most poverfiLl and the feeble^ streams, by aUowing the former 
to act directly on a common deflecting needle, while the latter 
act on the magnet of a multiplier- 

Maftneis may serve in various ways to measure the force of 
electric currents. Either the deviation itself is obsened which 
the needle makes through the influence of the current upon it) 
or the are is measured through which a needle suspended in a 
Coulomb's magnetic torsion balance (§ 456.) hag to be turned 
back, after the operation of the current upon it in order to biing 
it to the same place sgain ( or, lastly, the time is tought which 
the same needle requires when sut^ected to the action of a cur- 

There are various ways of estimating the force of a current 
from the angle of declination, according as the electricity passes 
in a line or in a plane above or below the needle. It, as in 
Jacobi's Galvanometer-compasa {^j. 1S8.), it is conveyed along 
a wire just under the needle, and in the direction of the magnetic 
meridian, Komti has determined that, Umfirct oftht currait act- 
ing on the tttedie ir proportional to the prodnet of tJta time iuio the 
tanj/tnl of iht angit of da^inuiioH, 

Let c and C be the currents of two hydro-electric bat- 
teries, and a and a' the angles of declloalion they cause 
reipectively in a galvanometer-compass, then 

To save the necessity of actual calculation, Pohl has con- 
structed a table, which will be found below, for every angle 
ftom 1 ° to 90°, from which the proportional force of any 
current may be ascertained for any declination given i« 
d^reta. 
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TABLE XIV. 

■0- Electric ClimniM, from li 
It Irya lialcanomittT.CoBipau. (£aMiMr 
K KaUrl. III. S.U. em FM.) , 
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32 
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62 
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35 
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65 
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36 


0-1402 
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39 
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0-9014 
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42 
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0-9608 




0-0170 


43 
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73 
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1-1004 




0-0228 


45 


0-2321 


75 


1-1833 




0-0259 


46 


0-2445 


76 


1-2775 




0-0293 




0-3574- 


77 










0-2709 


78 
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0-0368 


49 


O-2850 


79 


1-6577 
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50 


0-2997 


80 
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51 


0-3150 


81 


2-0471 
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52 


0-3313 




2-3130 


23 


0-0544 


53 


0-3479 


83 


3-6536 


S4 


0-0394 
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84 
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0-0647 




0-3840 




3-7378 






56 


0-4035 
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87 


0«759 


57 


0-4239 


87 


6-2551 


23 


0-0819 


58 


0-4455 


88 




99 
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30 


OK)a48 


60 


0-4934 


90 


infinite. 



If, instead of conducting the current along a wire, it be con- 
veyed under the needle by a strip of metal whose width is at 
leatt four times the Icniith of the needle, the electricity Sowing 
along tbla metal plate will act equally upon the needle in every 
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position, for it must Itatel equallj aloQg the entire vidlh of the 
conductor. In thb sue, iht fam of the current it proporlimtal to 
thi langtui of tht angle of the iitedlc'i declinatiim. Innrumeuts 
conitructed on this principle are called Tiigmt Compaiui, and 
their application depends an Weber's lair, which we have just 
briefly enunciated. 

The force of those currents which deflect the needle only by 
means of some contrivance for multiplying their eSeits cannot be 
estimated by either of the laws given above, because, however 
carefully the instruments may be constructed, it would be very 
difficult to measure accurately the different disUnces of the 
needle from the respectiie turns of the multiplier, and the cal- 
culations invalved in its use would be very complicated. 

An extremely simple contrivance for measuring the intentity 
ofa current by means oF the angle of delleiion, con^tiiti in nuking 
the galvanometer itself to revolve in the plane of the horizon 
about the centre of the oeedle. When the needle has been de- 
Heeled, turn the mulliplier until, with regard to the needle, it 
has regained its original position, and the intensity or the current 
■cling at right angles on the needle is equal to the horiiontal 
force of terrestrial magnetism (§ 447.), which last force is 
measured by the sine of the angle Ihrougli which the needle has 
been deflected from the magnetic meridian. Sut this angle is 
that thruugh which the coils of the multiplier have been turned 
^m their original position, and may be read off on a graduated 
scale made for this purpose. Fouillet's Sine Compaa sets on tbll 
principle, that the hieTuily of the current variei at the tint of At 

may be made lo measure the angle o{ declination accurately to 
two minutes. 

It is worthy of remark that, in all measurements from the 
angle of a needle's deflexion, if this does not etceed 30°, we 
may assume the iiiieiuiiia of the currenti to be ntarfy at Iht an. 
^uliir ma^Uudct tqaamd. 

The method of mea.iurement adopted by Ohm may alsb be 
tised, the multiplier being used as a toraon balance and having 
its needle suspended by a Gne wire, which ii connected with the 
indei of the torsion balance. When used, this index must bo 
placed at zero, the needle too must be set at 0° in its scale ; when 
the current acts on the needle it will deflect it a certain angle, 

Now, instead of measuring the declination itself, you are lo turn 
back the torsion index till the needle is restored to its original 
position. The iiumier efdesreet ahich the index ie mmed bact, 11 
proportional to the intentit^ of the current. 

Lastly, the mode employed principally by Fecbner in his 
s of observing the oscillations is equally appE- 



h. Google 



eab1e to tbe ungle galiananieler, and to tuch aa are fitted up 

iritb ■ muUipliei. flace tbe needle so tbst it shall stand in the 
direction of the eacth's magnelic influenre, and aim in tbe direc- 
tion in which the force ii emitted Irom the electric oonductor, so 
that in fict tbese tvo directions may coincide. To eSecE this, 
the single conducting wire a! tbe compau, or the coil of wire of 

angle*, i.t. it mull be placed in tiuch a position tbat the ne«lte 
aui*en no perceptible deSeiion wbilst acted on by tbe current 
(comp. S512.). Nov make tbe needle to oacillate, and b; 
§ 456., (ne inltH$ititt of the currttiU art iavtrtly at the iquartM of 
lAt tima oflht tnbralioiu, or the mania- of milt ofHmt ahirh ere 
required to comp/Ele the tamt niaabtr of vibraiiotu. Thia method 
possesses the substantial advantage that it is applicable to both 
powerful and feeble currents, that it gives very certain and much 
more accurate measurements than can be obtained from the gen^ 
rality of instruments by reading off the angle of declination, and 
that the magnetic intensity of the current may at tbe same time 
be compared with tbe force of the earth's magnetism, by observing 
in lite manner the time of the needle's oscillation when sub- 
jected only to the action of terrestrial magnetism ; on the other- 
hand, this mode of measuiement renders it indispensable that the 
observer should have an accurate seconds' watch or pendulum, 
with which to compare the oscillatloaE of tbe needle. 

Suppose now that the needle when acted on by tbe cur- 
seconds, but that when subjected to the influence of another 
current C, it performs the same number in live seconds ; 
then the inteDsitie* of these two current* will be 

,,c- L.' 



and further, if the same needle had required 30 seconds to 
make the same number of oicyiations when acted on only 
by tertertrial magnetiam M, then the farces would be to each 



Other in tbe fallow! 



'ing proportion : 
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Magnette measurements are also well suited to show with 
accuracy the influence which the magnitude of their excited 
aurbcea eierts on the efficiency of hydro-electric batteries. 

Fechner, who has performed a vast number of eipetiments 

the intently of the current increases when the area of the 
excited Burbce is iucrensed, but in a less ratio than iL The 
increase In the action of a battery is nearly proportional to 
Ihe increase in the eiciling surface, when thefluid employed 
is one that has but a low conducting power, such as water j 
whereas, when the fluids employed are good conductors, the 
increased efiiciency of the battery is proportiooally less. The 
increased force of the current, attained by increasing the 



solid 

Pohl, whose attention has been carefiUly directed to these 
investigations, lays down the following law, that iht iittai- 
lilici of the cHirntl) of single hydro-eltctric balleriei, in mhich 
bath elictromoliiri preient equal lurfaai to the exciting fluid, 
are, ceterii paribui, m t/u bigJiadrate rooti of the areat of Mc 

Suppose the metal suHaee in one single battery to be a, 
that of another ma, let c bt the intensity of the lesser cur. 



■(f)' 



Hence it appears, that if a batter}! be given with a certain 
current, conudered as unity, and we desire to construct 
another, the intenwty of whose current shall be double that of 
theformeri the batteries being similar, the eiciling surface of 
the latter must be 3* -= 1 6 times greater than that of the for. 
mer — I practically Terified this law by comparing some 
Dsniell's batteries, and found that to double the intensity of 
the current it was necessary to increase the copper surface sfi- 
teenfold. I used in each case the same wire to conduct the 
electricity, and I measured the intensities by the angles a gd- 
vanometer compass was deflected. I compared in like manner 
the intensities of a zinc and copper and of a linc and platt- 
Dum battery, the surfaces of the two metals being equal, and 
Ibund that the current generated by the platinum battery 
was equal to what would have been produced by a copper 



LJnnzprh.GoOyle 



one 16 times its use : this pretty neHrl^ ooincidei with the 
lesults obtained b; Jacobi, and given in § 505 c^ thii «oik. - 
For tbe zinc battery I used sulphuric acid diluted with 9 
parts of water ; ibr the copper, a concentrated solution of 
sulphate of copper) and for the platinum, nittic acid of I'd 
spec, grav., as the eicicing fluids respectively. The inten- 
sities bund thus were as 1 ; 2, far the angles of Che needle's 
defleiion were 34" and 46°, the corresponding intensities 
for which ID Pobl's table are O'l 238 and 0-8445 ; their ratio 
is therefore as J : 1-94. — On comparing one of Hare's spiral 
batteries with one of Grove's, with respect to the effect <rf 
their current, the fallowing result was obtained. The spiral 
battery had 3T2 square inches of effective copper Bui&ce ; 
Faraday's fluid was used, and the needle of the galTamnoeter 
was deflected 36°, which, according to Pobl's table, corre- 
sponds with an intensity of 0-1402. A linc and platinum 
battery, in which there were 100 square inches of the latter 
metal efficient, deflected the needle 46°, and consequently 
had BD intensity of 0-2445. The same wire was used in each 
case to complete the circuit. According to tbe law givea 
above, a platinum battery whose current should have the 
same intensity ai that of the spiral twtterr would require a 

surface la = (537;) = 0-108 times greater than it ; i.e. 
100 )iO'10B = IO) square inches. Now when only 1(^ square 
inches of tbe linc and platinum battery were set in action, 
the compass gave a declination of precisely 36°. consequently 
these IC^ inches of platinum generated a current whose in- 
tensity was exactly equal to that produced by 3T2 inches of 
copper in Hare's spiral battery. To give to both batteries 
an equAl intensity of current, the copper sui&ce of the Utter 
would require to be 3T2 ^ 10-S = 344 times greater Iban the 
platinum sur&ce of Grove's battery. 



At the conclusioD of Ihii important branch of the science of 
electricity, it is necessary that the reader should be made ac- 
quainted with (he opiniaog of natural philosophers with regard 
(o the primitive causes which generate galvanic or voltaic elec- 
tricity. It is remarkable that the views of scientific mea on lhi» 
subject do not accord, notwithstanding the lealous investigations 
which have been made so lately into the sources of electricity, 
investigations too which have brought to light so much that is 
both new and important. Tlie majority of the scientific world 
are the adberenls of one or other of two theories ; the older of 
which, known as the ihtoTy of amtact, is based on the prin- 



ciple lud down b; Volts ; the otber, Erst propounded bj Wol- 
laston, n called the chemical theory- 
Tie eeatati theorif, which is held by moat of (he Gennui phi. 
lotopheiB, especially b; Ohm, Fechner, rfalF, Henriei. Foggen- 
dorf, B«ndius, Jaoobi, and Martens, asBumes that when two 
diiumilar bodies are brought into actual or proiimate contact an 
energy is developed to which has been given the name of dccAv- 
motiee font, but whose nature is still unlinown. This electromo- 
tive force eFTcctt the decompositioa of the neutral electricities of 
the two touching bodies, so that a dcflnite portion oF the -\- elec- 
tricity accumulates in one of (hem, and a corresponding portion 
of— electricity in the other ; but it instantly opposes the reunion 
of theu 1 electricities, and thus occaaons the constant difference 
of tension between bodies in contact To account for the influence 
of the chemical process on voltaic phenomena, Fechner assumes 
that, between the atoma of two bodies which combine diemlcally 
with each other, a process obtains aimilar to that which arises 
when two heterogeneoua substances are in contact. The atoms 
charged with antagonist electricities are held together by their 
miilual attraction 1 and this constitutes what is generally known 
as ckemical affinitg (g SS). 

According to the cktrniail iKtorj, which has recently been 
greatly eitended, especially by Faraday, De U RiTe, Becquerel 
and Schijnfcin, galvanic electricity is attributed to a chemical 
action, and its most zealous adtocale De la Rive speaks 

gaseous or fluid mediuRi and a tendency arises between the two 

tiical equilibrium, and on this condition of cbemica) action being 
fulfilled, the elements of the solid combine with the oppoulely 
electrified elements of the fluid. As a general rule, the body, 

IB positively electrified, and the fluid which performs the part of 
the agent is negatively electrified: but, aa in such processes a 
separation of the atoms takes place, that liberates the electricity 
which was before held in a latent state, and which is always op- 
posite to that which disposes the atoms to form a new combination, 
the result of both processes is dependent on the difference of the 
two influences. The intensity of the electric action thus set at 
work is regulated by the difference Just mentioned and also by 

electricities thai are set free. If two heterogeneous metals are 
brought ujto contact in a medium that acts with unequal energy 
upon them, it will render them both electrical, that for which it 
has the stronger affinity being positive, and the other negative. 
Jtiin several such pairs so as to form a compound hydro-electric 
battery, and all the rest will perform the liinctkini of a conductor 
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oT the free electricity to each pair ; the i electricitie* thus meet- 
' ing together in ihe metal, neutraliia each other villi respect to 
tlielr quiUititiea, the + electricity will therefore accumulate oQ 
one side and the — electricity on the other. 

The sdiocstes of each theory have been and are still employed 
in bringing ft>rvard proi>f9 to establish the correclnesa of the 
lievs they haie respectively taken, without either parly being 
at present able to claim an undisputed victory. To these labours, 
ho>rerer, we are in a great measure indebted for the advaoces that 
have in modem times been made in this department of science. 
The iho rough-going supporters of the chemical theory positively 
deny that electricity is ever etdted by contact alone, and they 
even go AO lar as to say hypothetically, that the pure metals are 
susceptible of oxidation. Fcchner has, however, compelled them 
lo admit that Volta's fundamental eiperimetits ate a fact too 
well established for tts to doubt any longer whether electridty 
can be generated by contact only, and there are even cases of 
hydro electric combinations in which electrical action obtains, 
agreeably to the assumptions of Ihe contact theory, without 
any cbemical action whatever of the fluids on' the electro- 
motors (1)1 nay, frequetilly the contact of the melals is the 
cause that this action, originally a purely chemical one, is sus- 
pended and an oppo^te one commences (£). Many partisans of 
Volta's theory are decidedly of opinion, that chemical action is 
never the primitive cause of electrical eicitement, although they 
do not call in question the possibility of chemical influences being 
frequently the immediate, but not the original, cause by which 
electricity is generated (3): some who hold this theory even 
concerle that chemical action may increase the intensity of the 

contact. After all, the main difficulty will be to determine what 

because without contact scarcely any chemical change can 
transpire, and also because the effect produced must depend on 
so many secondary circumstances, such as the d^ree of concen- 
tration of the solutions, the temperature of the fluid, &c. 

I.) PtatF adduces the following txperimtnlum cmcii to 
abow, that without any chemical action whatever by the fluids 
on the electromotors immereed in them, a powerful electrical 
eicitement is generated solely hy the contaet of Ihe latter. 

FinI Ezpl. Take a zinc and platinum batlery, and 
use a neutral solution of sulphate of zinc as the fluid which 
is to act on the zinc, and for the platinum, as visual, nitric 
acid ; then neither of these fluids will eiert any chemical in- 
fluence on the metals immersed in them, according to the 
lawi of chemical affinity, and yet a current of electricity 
will be generated as powerful or nearly aa powerful on con- 
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necting the wirea si if mlpburi; acid bad been used irith the 

2.) Berielius gives the following as a strong proof timt the 
eieitation of electricity by the contact of heterogeneous bodies 
ia altogether independent of the chemical influeaces acting on 
them, and that the eieitation of electricity regulates the 
ehonicil action, nay, even reverses it Bometimea. 

Stand Expl. Fig- 1^^- represenia a simple battery 
Fig. 196. of two metals and two liquids; Z ia an 

ainalgamated liac plate near the bottom 
of the cylindrical glass leaael, and C is a 
copper-plate of equal size, parallel Ui il. 
A bent atrip of metal goea from t>atfa and 
being benl over the rim of the glass sup- 
porta the two plates acd performs the of- 

and p are provided with binding screws, 

and the whole of the «trip is coated with a vacnish by which 
it is protected against any chemical action, A perfectly 
saturated solutionof sulphate of zinc is poured on the bottom 
of the glass till it reaches half way between the plates of 
line and copper; on the top of this pour some coromoa ni- 
tric acid through « fine glasa funnel whose tube is slightly 
carved at the end, so that the acid may lie on the much 
heavier solution of zinc without furming a mixture with it ; 
continue to add acid till it stands about half an inch above 
the copper-plate. 

Until the circuit is completed by connecting the wires, the 
chemical forces alone are in operalion, and in accordance 
with the lavs of affinity, the copper is rapidly dissoWed by 
the acid, whereas on the zinc no action tates place or can 
take place. Now if the chemical theory were correct in as- 
suming that the oiydation'of oneof the metals controlled ibe 
electrical relations of the battery, then the copper, aa being 
the metal which U chemically affected, must needs be poti- 
tiiely electrified and tbe line negatively. But on completing 
the circuit the solution of the copper reasea instantly, the 
green tint diaappeara gradually from ihe solution, and tiie 
reduction of the copper held in solution begins on the copper- 
plate, whilst a cloudy appearance rises about the linc caused 
by the formation of the oxide of line, and a galvanometer 
Compaq tbrming a part of the electric circuit would shew 
that the current had taken the direction which accords with 
the principles of the contact theory. 

3.) to prove the generation of electric forces by means 
of a cheniicnl combination, Becquerel adduces the combina- 
tion of an acid with an alkali, 
t 3 
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7%ird Bxpl. Pour a tittle nitric ftcid into & platinum 

saucer, irhich is connected with one wire of a galvanometeT : 
connect the other wire with a piece of platinum wire whose 
Iree end ia bent into a hook, about which twist some as- 
bestos or cotton, saturated with a solution of potash or 
sods. At tbe moment when this alkali is dipped in the 
acid contained in the platinum saucer, the needle of the 
galvanometer shows the existence of a current passing from 
the alkali to the acid. 

Eiplaining this on the principles of the chemical theory, 
tbe current is genetated by the chemical action of tbe fluids 
one upon the other; by the contact (heor; it would be 
attributed to the electroTnotiye actioo of the different fluids 
on the platinum, or the whole combination would be regarded 
aa a battery of one homogeneous metal in two heteroge- 
neous fluids. <§50S.) 
It b by no means improbable that neither of the theories, 
pushed to an extreme, fully coincides with the truth ; and some 
philosophers, amongst whom are to be reckoned Jaodd, BuC 
Baumgarlner, Von Ettingbausen, and Pohl have constructed a 
theory which holds a middle course between the two we have 
already eiplained. These views merit a place in this part of our 
work, as in (hem what is favourable to each of the other hypothe- 
ses is fused together io such sort that the various phenomena 
are more salisfectonly accounted for than by either of the original 
theories. 

It has long been held that those forces which lie at the basis 

essentially different: sotne philosophers bave even attempted (o 
estimate the degrees of affinity by the amoant of adhesion. It is 
therefore by no means unscientific to regard chemical attraction 
as merely a more powerful adhesive force. Frecbtl bas indeed 
tried to prove the connexion between the adhesion of metals and 
their electrical dtfierence, i. e. their relative position with respect 
to tension (§ SOS.); Becquer«l hac shown that electricity is 
generated by capillary attraction, which is known to depend on 
adhesion and cohesion. Again, we know from Girard's elperi- 
ments, as well as from the theory of capillary tubes, that adhesion 
causes a variation in the density of fluids where they are bounded 
by solids. Restmg, then, on these facts, we believe that, w*™ 
(fcMntijy ii gencraleii in aag toltaic arrangaumt, it raulU from a 
stokcuiar change brought about in the Uiuchijig bodici by the adhe- 
lice force lohlch labtiiti betaeat lAm. This change is sometimes 
merely in the density of tbe tooiihing bodies, it is often confined to 
the strata contiguous to their points of contact, but with a force 
of considerable intensity, i 
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«e«ea the adTaotage tbst no new pover n«ed beaMuined to exist 
{whereas the contact theory requirea us to bIIov the eiUtence of 
the electromotife Ibrce) ; and it also accouDts for the production 
<if electricity apart Itoid any chemical actkon. It has this in com- 
mon wit^ the chemical hypothecs; that it deduces the phenomena 
of the single hattery from the molecular foreea ; that it considers 
the fluid not merely as a conductor of the electricity, but as 
engaged in ita production, and that the elements of the battery, 
by the physical chaoges they undergo, are the actual sources of 
the electricity ; that their contact renders this change pos^ble ; 

which Che electricity is produced. In these points it apptoij- 

which supposes that electricity may be deieloped without any 
further change in the bodies: indeed the chemical hypothedt is 
merely a special case of the molecular. The simultaneous com- 
meacement of ehemical action wiOi the development o{ electricity, 

taic artangement increases and decreases as the i^emical action 
on the fluid conductor and on the elements of the battery is 
greater or less, hilly accords with the statements of this theory. 
It follows, hence, that the electrical and molecular force are one 
and ibe ssime, and that the latter appears as electricity whenever 
■I passes from one mode of operation into the other, as. ex, gr„ 
when it ceases to hold together the elements of the water, and so 
oiydiies the line. Schiinbein's most recent hypothesis of chemi- 
-cal tendencies does not differ essentially &om the views just 
eiplained. 



eh are pro- 
duced by friction, and those which are ge 

another, the change in their aggregate forms, the destruction of 
their cohesion by mechanically separating their particles, and by 
pressure. In all the instances just specified, a change takes place 
in the molecular conditioQ of Uie bodies, partly in Ibe interior of 
their maaies, partly at ibeir touching aurbces^ and according to 
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the opinions of some philosopheis (see § 500. and £38.), this 
ohange may in these instauces also be regarded bb the universal 
cause by which eleotricaJ equilibrium is disturbed. 

The condition of electrical neutrality is upset in chemical com- 
binations and decompositions of many bodies, as may be proved 

posing, with the wires of a gslianometer, or vitb the conductor 
of a sensitive electrometer. Now whether the current indicated 
by the gaJvanometer, or the electrical tension marked by (he 
electrometer, be owing, according to the contact theory, to the 
bodies touching each other, or, according to the chemical theory, 
to the chemical action of the substances on each other, the ad- 
herents of both theories will allow that a disturbance of the 
electrical equilibrium, as shown by the gsUanometer or electro- 
meter, actually exists; now, as by the electrO'Chemical system 
(§ 516.), every chemical combination depends on the union of 
cleclricat oppoMtes, the state of electricul equilibrium will neces- 
sarily be destroyed both in chemical combinations and decompo- 
sitions. The fbilowing experiments are given as illustrstiuns of 
the eicitemenl of electricity attending both these liinda of chemi- 
cal operations ; ~ 

First Erpt. . Eitctrical excitttttent teith chenucal combina- 
Htmi. — Nobili gives the following eiperiment to prove that 
electrical excitement is the result of chemical combination ; 
Fechner repeated the experiment with some variation : - — 

Fill two small glasses, A and B, with a solution of nitrate 
of potassium into which conduct the wires of a galvanome- 
ter whose ends are armed with plates of platinum. A (bird 
glass, C. containing dilute nitric acid, is then placed near the 
other two, witb whicb it is connected by means of two 
threads of aaheatca or cotton, dipped in the dilute nitric acid. 
Now twist one of these conductors about a smalt piece of 
caustic potash before using it to establish the connection of 
the battery, and a chemical action will immediately com- 

fleiion of the galvanometer needle, whicb shows that the 
current passes from the potash to the nitric acid. Kmilar 
defleiiona ensue with other chemical combinations of the 
same kind, as well as with those in which the substances 
Uiat hate an affinity for each other do not acquire a con- 
ducting power until they have been fused or melted. 

In the arrangement Just described, it is (o be noticed that 
the platinum plates connected with the galvanometer are 
immersed in the same fluid vhich is contained in the glasses 
A and B, and that consequently the electric current is not 
generated by the contact of the metal witb heterogeneous 
fluids, but the electrical equilibrium is disturbed in Iheglass 
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C at the very Instant when the cauttic potatib comes io con- 
tact wiih ihe nitric acid. 

A much more powerful curient it oblained by leaiing out 
the middle glass C, pouring niuic udd into A and a BolutioD 
or caustic potash into B : Ihe homogeaeous pUtinum plates 
are then to be plunged in the heterogeneous fluids, and A 
snd B arc to be connected in the swne wny as befoia. By 
this arrangement we obtain a Beequerel's battery (§ f05. . 
S.) A current is generated by the contact of the platinum 
with these two dissimilar fluids, umilar to that which 
was produced by the chemical actiou of the caustic potash 
with the nitric acid. From the diiTereuce between the in- 
tensities of the currents, we see at once what share is to be 
attributed to each of the eiciting causes in the case where 
their uperatiotu are combined. 

Setmtd Bxpt. Immerse simultaneously two homogeneous 
MtipB of platinum, connected with the wires of a galia. 
nometer, in a glass containing nitric acid. The platinum 
plates are then io contact with Ihe same fluid, and that one 
which exerts no chemical influence on them ; the needle of 
the galvanometer will therefore be at rest, i^ow let &1I one 
drop of hydrochloric acid on one of the platinum pistes, 
and instantly the needle will he deflected, showing the pas- 
■ige of an electric current from one plate to the other. The 
nitro-muriatic acid formed by the drop of muriatic acid 
acts chemically on the platinum in contact with it. This 
instance is, howerer, one of those in which it is difficult to 
determine what share chemical action really has in eliciting 
the electric current. The adherents of the chemical theory 
consider the chemical action ; white the partizans of the other 
hypolhesii regard the contact o( the homogeneous metal 
with the heterogeneous fluids as the sole cause by which the 
current is eicited. Probably thelact is, that it is owing Io 
the two agencies combined. 

Tliird expl. EUetricity prodnetd by Cambuitioit. — Ac- 
cording to Pouillet's eipertments, when charcoal is burned 
it is rendered negative, and the carbonic acid which is formed 
la pasitive. He placed a small cylindrical piece of good con- 
ducting charcoal, having a very smooth boltom, on a pUte 
of brass, which was connected with the condenser of an elec- 
tromeler. and Ifacn igniled its upper end. The combustion 
was supported and accelerated by blasti of common air, or. 
Mill better, by a supply of oiygen. When the lower place 
of the condenser was eonnecled with the ground, the instru- 
ment appeared in a few seconds to become charged with — 
electricity. When the charcoal was set on a melal plate 
~ ' ''' the ground, and, during Ihe process of com- 
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1st >LKCT1ICIT< IKODDCID IT CHIMICIL DICOHTOUTIOir. 

biutioD, held bo beneath the hnua pUte o! the condenser that 
the carbonic Bcid whicli ws« generated vas accumulated on 
it, the condenser itm charged with posittre electricity. 
Dellmann also noticed tbe liberation of — electricity attend- 
ing the combustion of cbareoal, and Pfaff confirms it, but 
denies that tbe lean trace <rf + electricity ia to be found in 
tbe carbonic add which ia given off. Several philosophers 
have asserted that anali^ous traces of the liberation of elec- 
tricity attend the combustion of some, but not of all, com- 
buslible bodies. 

Fimrlh ExpL Eltctricity prndtictd by Chtmicat Dttonpo- 
lUion, — The eiperinients of Dr. Bottger may be adduced 
as eiamples: — Connect a platinum cup with tbe con- 
denser or vitb tbe conductor of a delicate electrometer by 
Dieana of a wire terminating in a ring. On this ring lay the 
cup, put in it a few gruns of citrate or oxalate of ulver, 
and apply the heat of a spirit-lamp until the salt is dlswlved. 
Remove tbe lamp, and (he electrometer shows -— electricity 
to have been liberated; and in tbe platinum cup some 
very fine and minute particles of metallic silver will be 

HJ& Expl. Lay a piece of blotting paper mtuatened with 
water on a metal plats eramected with the condenser, and on 
it place a few crystals of nitrate of copper wrapped up in 
tinfoil. Pi^ce a fewholea in the ^nfoil with a pin. Moisten 
the whole with a little weak spirits of wine, and tbe silt will 
soon begin to decompose ; and at the moment when sparlu 
become visible, and nitrous vapour rises, the condenser is 
charged with — electricity. 

Sixth Ezpt. On the conducting plate of any senutive 
electroscope (cr. gt., either a Becquerel's, fy. 15T., or an 
Oersted's, fig. 156. ), lay a tine cup, and pour into it di- 
lute muriatic or sulphuric acid, and the electroicope irill 
show, after the hydrogen has been given off and a chemical 
solution of the metal has l»en fbrmed, that — electricity has 
been liberated. A similar phenomenon is observable if^ as 
in the fourth eiperiment, clean inm fihngs are placed in the 
platinum cup, and either muriatic or sulphuric acid poured 
on them. 



Electrical phenomena have been seen to attend a change in the 
aggregate form of many bodies, especially in tbe solidification of 
such as are in a slate of fusiop, and in the freeiing of water. 
The sparks that become visible during tbe crystalliiation of cer* 
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tain salts, and tbe attendant electrwoopic eSects, seem lather to 

result from a separation taking place among the crystals after 

their romiatlop. than lo be a consequence of cry stall iiatioQ itself. 

Firil Expi. Melt some sulphur in a glass, and cool it on 

any good conductor; on taking it out of the glass it vill be 

negatiielj electrical, and the glass will be positive. Per- 

farm the same eiperiiuent in a metal cup ; the latter will be 

negalivel; electrified, aad the sulphur po^tively. Similar 

pbenoraeD* may.be observed in the salidUyiag of chocolate. 

It canuot be posjlivelj asserted that tbe electrical phe- 
nomena just noticed are absolutely consequences of the 
change of aggregation in the mass of the body. Some phi- 
losophers are of opinion that they are properly owing to the 
ftiction which is generated when the solid bodies are sepa- 
rated firora the lessels containing them. If this supposition 
is correct, these phenomena come rather in that category of 
which we shall have to speak in the neit section. 

Saxnd Expt. Water froien quickly at a very low tcm- 
llerature ('22° below zero, Fahr.) in a glass coated ontaide 
like a Lejden jar, according to Crotthnss, is positively elec- 
trical I if melted rapidly at a high temperature it shows 
— electricity. 
Undoubted proofe are itill wanting to show whether electricity 

densation of the latter. Fouillel b persuaded that from numerous 
eiperiments, he has found the escape of steam ftom alkaline 
water accompanied with positiie, and that from addulaled water 
with negative, electricity ; P&K who repeated the eiperiments, 
doubts Che tact. As the results, as well as those which attend 
the combustion of bodies, are of considerable importance on 
account of the conclusions that have been drawn from them 
respecting the electrical phenomena that arise in the atmosphere, 

is much to be wished that the same eiperimmts should be 
repeated, and careful reference he made to ail circumstances 
slicing the results. 

That a considerable quantity of electricity is liberated when 
high-pressure ataam escapes into the atmosphere was discovered 
accidentally in lB4i, when it was first noticed lo the boiler of a 
locomotive engine. Armstrong, w^o rigorously investigated the 

contained in the boiler; and that none was developed till the 
steam reached tbe open air, when il was invariably positive ; that 
the production of electricity was proportional to the amount of 
Bteam generated, and that its intensity iucreased with the tension 
of the stesjn ; lastly, that not only were sparks emitted by it, 
but it gave shocks like those obtained from a I<eyden jar. P&ff 
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perfarmed the avne eipcrimenU with a Fapin's digester, and 
canfirmed ia general the correctness of Armstrong's infereaees ; 
he obtained precisely similar results when he used distilled, alka- 
line, and acidulated water. His apinion is that the electricity 
is generated by the pressure of the steam on the water; he there- 
fore considers that these phenomena may properly be ranged 
under the liead of electrical phenomena produced by pressure ; 
Armstrong, on the contrary, thought at first that this electricity 

it a$ his opinion that the electricity is generated when the steam 
is exposed to friction ^ he does not, however, believe that thlE 
friction is the exclusive cause of its productiou. Ills Investiga- 

been perceived, for in high-pressu ' ' " 

ferlUe a source of electricity, u 

A short description of Am 
may ruit be out of place here. 11 consists or i 
wrought iron of cylindrical form 3^ R. long and 1^ fL in 
diameter ; in ends are rounded off into hemispheres, and 
with its frame and grate for the firing, it it insulated by 
means of glass legs. When the steam is allowed to escape 
through certain cocks coDstructed far that purpose, the 
pressure being TO lb. to the square inch, an effect is obtained 
7 times greater than from a good electrical machine with ■ 
plate 3 ft. in diameter; the comparison was made in the 
following manner. A lane's jar (§ 487. /f^. 162.) with 

electricity generated by Ijoth the machines. When the 
balls were held 1 an inch apart, and the plate was turned 
round 70 times in a minute, 29 discbarges were obtuned 
ftom this electrometer; on connecting it with the insulated 
Ixdler 220 discharges were obtained in the minute. Arm- . 
strong considered that each single ray of steam as it issued 
from the cock into the air, gave oot as much electricity ai 
a good electrical machine of ordinary sue ; and as a boiler 
capable of generating steam equal to that of a locomotive 
engine could discharge 100 such rays, we may bnn some 
idea of the prodigious development of electricity that may 



vltH the general «lectrlcltf ot Ihs atmi>Apher«: alio. Uiat ai Au at I ban teen 
able to proceed, pure gaaei, i- e. RAtet not mingled vMb solid or liquid par' 

cnniprh.GoOglc 



isll; in those of ct7Stal]ine fbrm. when a sudden disruption of 
beir internal structure takes place. When hy mechanical or 
ither uieani their cohesion is aveicome, sparks ire seen, and the 
livided portions are in a stale of opposite electrical lenuoD. 
The following experiments may serre as illustrations : 
Firil F.ipt. Becquerel observed that nben a small clell 

was feateneii to the portions of the crystal thus prepared ttti 
splitting, on tearing them asunder a luminous appearance 
was Tisible in the dark, and each of the fragments after rup- 
ture was oppositely eleclrified. The like obtains with other 
crysUlliied minerals if treated in the same manner. We may 
mention gypsum, calcareous spar, &g.; the same phenomenon 
may be noticed in tearing a common playing-card. 

Sretmd Ezft. Dr. R. Bcittgcr mentions the tbllowing 
electrical phenomena as observed by him in a salt crystal- 
lized by fWon. Connect ■ piaCinain dish or a small cru- 
cible by means of a betit wire, with the conductor of a 
sensitive eiectrosrope. In this metal vessel place some 
crystals of sulphate of copper and potaab, which are to be 
heated hy applying a spirit lamp under (he dish until the 
crystals have parted with their water of crystalliiation, and 
are reduced to a perfectly liquid state. When the whole ia 
in this state of fiinion remove the lamp, and within a few 
seconds the entire mass will orystalliie, but without any 
trace of l¥ee electricity ; so soon, however, as the mass has 
acquired a solid crystalline structure, it begins to contract 
and gradually to rend asunder, this process being attended 
by an audible crackling noise ; the eleclroscope distinctly 
shows + electricity to be liberated every time that the con- 
traction of the mass produces a rupture in the individual 
particles. In proportion as ibe mass becomes gradually 
reduced to a pulverised condition, the electrical phenomena 
disappear ; the experiment may however be repealed at 
pleasure hy ^ing the aalt in the manner described already. 
Dr. Biittger considers this as s convincing proof that elec- 
tricity and light are evolved, not so much at the moment 
when the crystals are Ginned, hut rather when a crystal 
already formed touches or destroys another ; he Is also of 
opinion that the bright sparks which, according to Rose's 
observations, are to be seen in gradually cooling a solution 
of while arsenic, are derived from a like source. 
IiBStly, we must reckon under tlie same dasa all those elea- 
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trieal phenomena which accompany the pressure and subsequent 
diMuption of two bodies. We may conjecture that in these also 
the disruption efiected by the previous pressure produces the 
■ame consequences as the suspension of cohesion in the preceding 
experiments ; the separated bodies invarisbl; shov themselves ta 
ditFerentljr electrieed, this diiTerenL-e being greater the greater 
the adhesiTB force which has been OTercome. The quantity i> 
electricity set free depends also on the nature of the bodies them- 
selves, on the degree of pressure to which they are subjected, on 
their conducting power, and on the temperature and structure of 

Becquerel bas prored by a variety of eiperiments that 
any body wbaleTcr may be rendered electrical by pressure. 
Discs of the substances to he tested were prepared, and then 
filed on insuiatiDg stems of glass or sealing'Wax. These 
plates were then pressed together, and sometimes they were 
pressed against other bodies ; after the continuance of the 
pressure for some time they were suddenly separated. The 
electricity thus evolved may be observed_on a delicate elec- 
troscope. Becquerel performed these " experiments with 
cork, elder-pitht caoutchouc, orange peel, starch, Iceland 
s!»i> ^psum. fluor spar, with several of the metals, and 
even with condensed fluids. 



§527. 

We have already seen that conditions may frequently arise in 
which heat eierts an immediate influence on electrical action, 
and sometimes it is itself excited by that force. Heat Is, how- 
ever, one of those causes which immediately disturb in many 
bodies their condition of electrical equilibrium j especially when 
the temperature of a part of their mass is either raised or low- 
ered. The phenomena arising from these causes are generally 
classed together as belonfiing to Thtrmo-eUclTicil!/. 

There are two electrical states, into either of which bodies may 
be brought by the operation of heat upon them ; that is to say, 
there may be eicited in them either a state of electro-polar ten- 
conductors, and even in good ones if insulated, the ± electrici- 
ties elicited by heat are held asunder in the bodies for a length of 
time in such a manner that one part will be in a state of negative 
and the other of positive tenuoo, very similar to electrical induc- 
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tioD- In good conductor!, especially in the melals, thia statical 
eiectrtciil coaditton is conierted into the dynsniical, i.t. currents 
are generated whose direction varies according to the natuTe of 
tbe metal or cooductoi itself, and the mode in wbich it is com- 
bined with others ; to distinguish these from other etecttieol cur- 
rents they are called Ihtrmo-tketric. 

The fitst-n»med phenomenon has been long known, but it 
stood as an isolated &ct, which eontribuled but little to tbe ad- 
sanoemeut of this braneh of science. It was lar otherwise, how- 
OTer, with the electro-dynamic effects of heat that haie been dis- 
coiered of late years, 'i'his inference has been drawn trom them ; 
that heat is a far more general cause of the disturbance of elec- 
trical equilibrium than had hitherto been imsjpned. They hav? 
indeed led the way to several interesting discoveries, and to 

agent ia generating the planetary electricity of our earth. 



Thermo-electrie polar lemion is displayed principally in crystal- 
lized substances, especially in such as belong to the mineral king- 
dom ; hence it has sometimes been called ciyital dtctriaty, and 
the crystals which di'play this properly are termed thermo-diclric 
crystals ; they are for the most part such as are not symmetrically 
formed at their opposite ends. The greatest nuoj^er of eiperi- 

cryslal whose therm o-electrical properties were discovered. The 
most important results from these observations are the following : 

1.) At a temperature lower than S6° tourmaline is destitute 
of electrical properties. 

2.) When the temperature is raised, it becomes electrical, in 
tbe same proportion as its temperature is elevated ; one half of it 
being positively, and the other half negatively electrified. In 
perfbclly-fbrmed crystals the p<nnted end with three bees is posi- 
tive, and that with six sides is negative. 

3.) When the temperature remaiiu Gtationary, the electric ten- 
uoD disappears. 

4.) When the temperature is lowered, tbe crystal again be- 
comes electrical, but the end which before was positive becomes 

A crystal of tourmaline may be electrified thus : — 
First Ezpt. Hold the crystal for a few minutes in boiling 
water ; grasp it in the middle with a pair of pliers, take it 
out of the water, and one of its ends will appear positively 
■lectrified, and the other negatively, if tested by a aeiuitive 
dectroscope. 



h. Google 



ITiU property in tonrmiliDe «■ known tu £piii(iB ; it 

was subsequently found that it belonged to otber and evm 

to artificial crystals. The ptajlosophers irbo haie dotM the 

most to extend this department of science are, Brewster, 

Haiiy, Ermnnn, Becquercl. Forbes, Hankel, P. Riess, and 

G. Rose. In all bodies of this class tbe teDsion is of very 

low intensity; so that up to the present time no use bas 

been made of tbis sourceof electricity. 

In good eanductors a Mate of thermo-eleetrieal tension is in. 

duced only by insulating tbem, and applying a strong beat to one 

end, whii^ becomes positively electrified wbile tbe oppoute 

extremity is negatively electrified. 

Second ExpL Cmnect a platinum wire with the plate of 
a condensing electroscope, and let the free end terminate in 
a hcUi. Now raise the spiral to a red heat, hold the stand 
of tbe condenser in your baud, and form a eooductot of 
moistened pi^ier to the spiral \ the Utter will be charged 
with poaitire electricity, and tbe plate of tbe condenser with 



Heat, or cool, one end of any good conductor, aa a wire or 
strip of metal ; on hinging together its two ends, whicb stand at 
unequal temperatures, a thtrmo-deOric curroX will be generated. 
The same result will follow at any part of an electric circuit 
where the mass of the body is at all modified, as, for instance, 
where a diOetence in tbe thickness or in the density of tbe sub. 
stance causes a variation in the tamperature. In both cases an 
opportunity is offered by the local influence of the heat for the 
± electricities, which had been held asunder to re-unite in the 
path presented to them by the conductor. Had no such 
variation existed in the interior of the conductor, that is 
to say, had it been perfectly homogeneous throughout, as in 
a wire of exactly equal dimensions from end to end, then no 
electric current would have been generated From this and 
similar ciruumstsnces Becquerel thinks we are warranted in 
inferring that a change in temperature is not tbe sole requisite 
for the production of thenno-eleetrlc currents, but that other 

hindered from being uniform, bo that it moves more rapidly on 
one wde than on tbe otber of the hot or cold spot. 

The intentity of the current varies according to the nature of 
the conductor used ; as a general rule, it is greater tbe greater 
the difference in the temperature, and aa this diminishes again 
the intensity become* leaa. 
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With legsrd to the degree in which the metals become electri- 
cal through inequalil; in their tempeiature, Yelin gives the fol- 
lowing list, in which he plaiea first that which is most powejfiilly 
excited, and the last that which is least so : histnuth, aalimony, 

Nobili have airanged the metals in two groups, according to the 
direction the current takes; in the one class placing those in 
which the positiie current is propagated in the same diieetion as 
the heat, in other words, ia which it goes jrom the liot to the 
cold part of the metal ; in the other group those in which the 
currents of heat and positive electricity run in opposite directions. 
Emmett places platinurb, gold, siver, copper, and nickel in the 
• 6nt, and tin. lead, zinc, iron, brajs, arsenic, antimony, and bis- 
muth in the tecimd. Nobili reckons bismuth, platinum, gold, 
ulver, tin, brass, lead, and copper to belong to the first classy and 
zinc, antimony, and iron to the second. From these two lists it 
ia readily seen that the negative tnelals which are not easily 
tajdized by heat giie out + eleciricltv. and the positive metals 
which soon oxydite give out — electricity. Nobili says tliat if 
two dry cylinders of clay be connected by means of a wire, and 
the end of one be very much heated, and then placed In contact 
with that of the other, a current of electricity will immediately 
proceed from the hot to the cold cylinder. 

To prove the production and eitslence of tiiermo-electric 
currents, it is necessary to make use of a galvanometer 
(§ j12. ). Since, bowcver, they possess but a small jji- 
tenuty, the redslance to conduction in the instrument itself 
should not be considerable, 'iliis is effected by makii^ but 
(nw coils, and employing pretty stout copper wire, about 
^th of an inch in riiickoess ; or Fechner recommends a strip 
of copper instead of the coils cf wire, and an astatic needle 
basing the freest possible motion, such as is used in NobiliV 
gai.anometer. (| il2„ fig. ISO.) 

fij. 197. repieaenls a strip 
Fig. 197. of copper thus substituted f(>T 

I (he usual coils of wire, the 

I width of the metal bein^equM 

to the length of the needle. 
The ends are shown in the 
diagram to taper off, and are 

brought in a horizontal poa- 

are furnished with bindin^t'Screws, a and b, to secure the 
ends of the conductor in which it is desired to generate ■ 
thermo-electric current. In the upper plate is a slit through 
which the lower needle, ■ i, suspended by a thread, can be 
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let between the two pUtes ; as ia other gi 
upper needle tmerses aboie » graduated circle ; in other 
respects the use of this instruinent legembles that f>f Nobili's 
double gBliaDometer, of which a representation was given in 
Jiff. 190. 

Hie generation of such curreala may be prored bj the 
following eiperimenls ; — 

Firtt Expt. Fasten two wires of the same metal with the 
binding-screws of a thermo-galvaiiomeler, and best the free 
end of one wire by means of a spirit lamp ; then bring the 
cool end of the other into contact with it, and the instan- 
taneous defleiioD of the needle will indicate the direction 

temperatures, and there will ensue a ^eater dcfteiioo, which 
will gradually diminish as the heat becomes equalised at the 
touching points. To obtain a powerful current, it is as well 
if the wire terminate at the heated end in a plate. 

Second Expt. Procure a piece of platinum wire, about 
Jifb of an inch in thickness, tie a knot in the middle, or twist 
the middle part into a helil, connect the end of this wire 
with the conductors of a thermo-galianDmeter. beat the 
middle part of the wire by applying a spirit lamp under it ; 
the needle vill soon be deflected, thus showing that an elec- 
tric current has been elicited, which runs from the heated 
part of tile wire towards its extremities. 

Third Expl, Thermo-electric currents may be produced 
even in such metals as are of uniform thickneas throughout 
their extent, and which as <ar as concerns tbeir chemical 
Htiucture are perfectly homogeneous, provided that in the 
interior of their masses any molecular difference eiists, oi 
that such difference is brought about artificially ; this fre- 
quently happens in the crystalline metals, bismuth and anti- 
mony, when they solidify unequally ; itmByal»obearti6cially 
induced in iron by raising it to a white heat, and in steel by 
partially hardening it. 

Make a piece of iron wire red hot at any particular spot, 
allow it to cool and again heat it near the same place, you 
mil find it has become thetmo-electrical.j this you may see 
by connecting it »itli a therm o-galiBDOmeter ; this is owing 
to a change having been mlde in its internal structure, by 
which the uniform conduction of the caloric in both direc- 
tions has been interfered with. 

So also, if one side of a steel horse-Kboe be hardened and 
the other be left soft, on -applying heat to the eurred part 
the metal will he Giund to be electrical. 

Fovlh Expt. The thermo-eteetrie cuirenl generated in a 
liomageaeoiu metal may be delected without the aid of • 



h. Google 



^- 



galvanometer, by meaosof a very ^mple apparalus invented 
b; Yelin. It consists of a strip of copper bent into the form 
ahcd t,6g. 198., «od riveted at e. In the middle of the 
two plates is u needle of low 
Fig. 198. magnetic power, bol«nced on 

a pinnt. Now heat the free 
endoftheitripa by the flame 
of a spirit lamp, and the coo* 
ductioD of the beat will lake 
place in the direction from a 
to h, c, d, and ( ; and the cur- 
rent will be generated in the same direction as is indicated 
b; the arrows ; the needle will hereby be deflected lo the 
east. Wrap a roll of cottaa, or a hank of thread, round tbe 
fiee end ; drop on it a little sulphuric ather, and the cold 
produced by its evaporatiou will deflect the needle wesU 
ward, proving the enistence, this time, of an oppoute cur- 
rent to the former. The effect is rendered still more power- 
ful by wrapping the .bandage about c, cooling it as before, 
■nd, at the same time, heating the end a. 

S5aa 

Much TDore powerfid thermo-electric currents are produced in 
circuits composed of heterogeneous metals, by either heating or 
cooling tbe places where two dissimilar metds are soldered to- 
gether. Combinations of this kind rorm tingle thersui-tttctric 
btiitrria, whicli, without a galvanometer, show the existence of 
the current by means of a magnetic needle brought within the 

observed, having been discovered by Seeheck in 1821. 

pends partly on the nature of the metals of which it is composed, 
partly In the difference in the tiansmisdoa of the heat; i e. wheiT 
the points of junction of the two metals are cooled the direction 
of the current is exactly opposite to what it is when they are 
heated. By variously combining the metals it was soon found 
that, with regard to the eicitation of electricity by heat, a similar 
relation obtained as when it wis eicited by contact; and thai 
they might be arranged in a thenao-electTical order of teiuiim, ac- 
cording to their different electromotive efficiency, as tAernw-efcc- 
Iromotort. We have already given a similar series for contact or 
voltaic electricity (g 50S.). Seebeck's list is as follows:— bis- 
muth, nickel, cobalt, palladium, platinum, uranium, copper, ma»< 
ganese, titanium, brass, gold, mercury, lead, tin, chromium, mo- 
lybdenum, rhodium, itidium, silver, line, tungsten, cadmium, 
•teal, iron, artenic, teUurium, antimony. Of this series Insmulb 
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is the most electro-negative member, and antimon; the most e1ec- 
tTD-positiTc Thus, as io the leries vith regard to voltaic tension, 
each melal combined vith an<; of the succeeding vill, on being 
heated, become negatively electrical ; if joined with any that pre- 
cede it, it mill become poaitivel; electrical : these circumstances 
are reversed if its temperature be lowered. The difference of 
temperatures being the same, the intensity of the current is 
greater the farther the metals ate asunder in this seri^. Bis- 
muth and antimony, aa the tvo extremes, form the most power- 
ful thermo-electric batteries; so sensitive, that by touching tliem 
at the point of juncture vith the naked liand the needte is de- 
flected, the temperature of the meUls being but little above the 
freezing point. Brass, which glands pretty near the middle of 
the list, if combined with bismuth or antimony, constitutes a 
thermo-battery of mean power. When combined with bismuth, 
brass is the electro-positive element, and with antimony it is the 
electro-negative. Further, it has been ascertained that, within 
tolerably remote limits, the intensity of many batteries is propor- 
tional to the difference in the temperature of their elements, 
while with others this proportion is confined within an extremely 
narrow range, or evca has no existence whatever. Another co- 
incidence which obtains between the thermo-electric and the vol- 
taic series consists in this, that, in such batteries as are composed 
of more than two heterogeneous metals, the intensity of the cur- 
rent is the same as would have been olrtflined by combining only 
its most negative and most positive members. It must be further 
remarked, that this relative position of the metals in the series 
holds ffoud only when they are chemically pure, and that when 
alloyed at alt their position is thereby materially affecMd. Hence 
it has been presumed that we are furnished with a lest of the 
purity of the metals. 

Seebeck and Cumming have also noticed that combinations of 
the earths and other conductors of electricity form thermo-elec- 
tric batteries, a fact which is especially of importance on account 
of the inference drawn from it as to the existence of similar cur- 
rents in the earth's crust : this subject will be more fully treated 
of in g 533, 
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tBtedia fig. 199- a b 
IS bar of bismuth or antimony, about 
or S inches long, from ^ to {of an inch 

To it is soldered a strip of cop- 
brass, of equal width but rather 
r, bent at right angles at c and d 
h a manner that the distance be- 
the parallel metal plates it about 
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ao ineb. As has been remsrked abore. the most poverful 
simple battery is obuined b; combining Bntlmony uid 
bismuth ID this manner. In the middle of the lower plate 
IS an upright piece of vire, finely pointed, and caTTjing a 
sensitive needle, m, which haa a graduated circle imme- 
iiiately beneath, on which the uigle of its defleiioo may 
be lead off. 

The folloiring eiperimenls can be performed by means of 
such a thermo ballery as ve haie jitsc described, consisting 
of bismuth and brass, antimony and brass, or antimony and 
bismuth. 

Fint Expt. uilh a Utmvtii and brau batttrj. Place the 
apparatus in such a position that the longer direction oF the 
battery may coincide nitli the magnetic meridian, and have 
the same polar position as the needle. Heat the southern 
joint at a by holding under it the flame of a spirit lamp, and 
the north pole of the magnet will begin to torn towards the 

it follona that (by § 513.) the current proceedfl Irom b to a, 
i I. from the cold to the heated end. 

Stcond Expt., with a b^tery of antimony and hraa. — Treat 
this in the same manner as the preceding, and the north pole 
will be deflected eastwards \ hence the current goes fi-ain 
a to i, or from the hot to the cold part of the metal. 

Tkird Expt., with a boHery of ajiiinamy and bimaih. — 
The deviation in this case vill be similar to that in the pre- 
ceding, only that it will be much greater, the joint a being 
heated as before. 

Cool a by the method given in the fourth cipcriment of 
the preceding paragraph, and the needle will be deflected in 
an opposite direction ; the intensity of the current will he 
doubled by umultaneously beating a aiul cooling b. As a 
general rule, the sensibility of single thermo-electric bat- 
teries may be increased by using a double astatic needle, aa 
in Fechner's thermo-galvanometer, fig. i 97. 



§ 531. 

Compound thermo-batleries, or thermO'thftric piUi, may be 
constructed by combining a number of single ones on the same 
principle aa voltaic piles or hjdro-eicctric batteries are formed. 
Connect the single thermo-electric batteries by soldering together 
the two heterogeneous metals in pairs, so that the poles of the 
pile may end in two helero^eneous metals. Heat simultaneously 
all the junctions on one side of the pile, and cool all on the other, 
CO that a healed point iiiUowg a cold one throughout; and the 
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a combiuUion, tbe dark lines representing the one metal, sod the 
fsint lines the other. Let a be the junctions to be heated, and b 
those to be cooled, or vice versd. These Ihermo-piles have beea 
variously constructed, according to the purpose to which thej 
are applied, differing in form, dimensions, and the metals used as 
electro molars. Bismuth and antimon; are the metals most gene- 
rallj employed, and the piles made of them are the most efficient 
and sensitive, but they cannot be used at high temperatures. If 
the heat to which the battery is to be eiposcd is great, platinum 
and iron should be used. The metals arc commonly in the shape 
of four-sided prismatic bars, a few inches long, frequently only 

These Ihermo-electric piles produce effects precisely similar to 
those brought about by the hydro-electric piles; i.t. if they con- 
si^ of a suJEcient number of pairs of adequate dimensions, they 
produce the same phenomena of light and heat, the]' eicite the 
same physiological seosations. and eiert the same chemical influ. 
ence, but in a lower degree i because of the resistance to conduc- 
tion that has to be overcome, which resistance prevents the cur- 
rents generated by t^ese piles, even wben Ihey consist of many 
pairs, possesnng a» intensity equal to that of currents emanating 
from hydro-electric batteries. 

MunLe describes one of these piles which he has coti- 
■tructed, the current of which produces all the efTects named 
above: it con^ts of 81 pairs of antimony and bismuth 
bars, ST lines long. 5 wide, and 4 thick. The pairs of ban 
are arranged in 9 rows of 9 pairs eacli, which, with tbeir S 
metal connecting pieces, give 90 junctions on each sdrface of 
tlie pile. The under &ide stands in a tin vessel full of water 
containing ice and snow, while a copper plate of burning 
charcoal is laid on the upper ^de. 
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Our theoretical viem and tlirir prantlcat application Iutb ie- 
lited coniideiable advantage from our increased knowledge of tba 
nature and proveniea of ihermo- electric currents. Undoubted!]) 
the moat important benefit, and tbat of which the most eitensire 
uae has yet been made, is the application or the thenno-etectiia . 
current to meaaure teinperaturei in casea where other instruments 
were not suHIcienel; delicate, or where the temperaturea were so 
extremely high or lo verj low that our ordinary pjrometers and 
thermometeia could not be relied on ; or, lastlif, to meaiure the 
degree of heat in place) where otber kinds of apparatus could not 
be used. The strength of the current generated by the heat in a 
thermo-battery mesaures its temperature ; the intensity of tha 
current being estimated, aa in hydro-electric batteries, bj the 
defleiian of a magnetic needle. An apparatus of Ibis kind is 
termed a nagnelo Ittrmetatter. 

As yet it has been most ettensively used to deterrnine very 
minute diSereneea of temperature. The napnttic diffcnntial 
thtmofuter, constructed for this purpose by Ncibili, consists of a 
pile of biamuth and antimony, whoae poles are connected with a 

to be tested is allowed to operate on nne half of the junctioni, 
while Che other half are kept at as low a temperature as possible. 
The delicacy of an apparatus of this kind is such that, according 
to Nohili's obsetvationa and comparisons, it is capable of mea- 
suring by the Jefleiion of the needle a difference of temperature 
of iJggth of a degree. By the aid of such a delicate instrument, 
Melloni was enabled to carry on hia beautiful and icnpottanl in- 
Tesligationi into the relations of radiant heat with the greatest 
accuracy, as well aa to confirm them by eiperimenti that admit- 
ted of no doubt (see § SB4— 389.). Von Wrede used the same 
means for determining the Telocity of radiant heat |see g 331.). 
The (hermo-elecirin piles recently conatructcd by Kobili 
end Melloni are of vatious foims, according to the ua« tn 
which they are tu be applied. In that which Nobili calls 
** pila a scatola," the prisma of bismuth and antimony are so 
arranged tbat each half of the Junctions atanda near the 
other in a aquare. All the puia are enclosed in a brass box 
of cylindrical shape, in which they are insulated, with respect 
both to the box and to one another, by having the intenlice* 
filled up with gypsum, wax, or resin. Hie two poles of this 
pile end on the outude of (he cylinder in two bindiug- 
■crewa, by which they may be connected with the ihermo- 
galranomcter. Both ends of the pile can be closed by a lid 

M i 
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vbich shuts on over the cylinder. These piles ■re' used 
cbiefly for inve^ligaiions into the phenomena of contact, for 
which reason their junctions are left polished, and, to in- 
crease their tenubilit;, the lid is so constructed that it can 
be filled with loow, — Fig. 201. represents this apparatus : 
a b the brass box ohich 
Fig. 201. contains the thenno-pile ; 




nected with the poles; 

i"irea go &oni these to 

the gaWanoaieier; (and 

c are the two lids to shut 

up the box with. Ir the pile is intended for eiperiments 

on radiation, the junctions must terminate in sharp edges or 

points, blackened to increase their absorption of beat. Thej 

are placed either side b; side in a square, or they form one 

straight line^ — the "pila a pettine," to iniesligate thepbeno- 

inena of ditfractioQ ; or they are ranged within a circle, like 

tlie lays of a sur ; see Jig. 302., where the rays of beat 

act on the junctions inside. This form is best 

Fig. 202. adapted for the rays of beat concentrated by a 

convei lens. In all these piles that side of 

the junctions on which the rays are intended 

to act is furnished with a conical or parabolic 

reflector, widening outwards, as is shewn at t. 

Jig. 201., in which the rays of heat may be re- 

celled, while the other side is secured agunst 

their influence by being closed with a lid. 

For the first idea of a magnetic pgrometer we are indebted to 

Becquerel. This distinguished philosopher made use of a 

thermo-battery of copper and iron, which he connected with a 

galianorneter that he rej>u1aled in such a manner as to eipress 

Suppo^ now some definite intensity of the current bad been 
ascertained for some particular high temperature of one of the 
junctions, a temperature, however, tliat could be appreciated by 

freeiing-point ; if any additional heat beyond the ranfte of the 
thermometer be applied to that junction, a still further deflexion 
cf the galvanometer would ensue, and this higher temperature 
ivoulij be immediately giien by the detleiian in degrees of that 
jiarticular thermometiic scale which had been used in valuing the 
original defleilun. Puuillet's magnetic pyrometer acts on the 
same principle ; it consists of a gun-barrel, to whjdi are soldered 
two platinum wires IbU are connected with a Ibemio-galjano- 
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meter made b;r coiling s strip of very thin copper some tiventy- 
'five times. The coiutruction of tlits galvanometer in other points 
resembles that of the sine compass (g 522.); and, by a formula 
Fouillet gives, we may calculate from ibe angle of Ibe needle's 
defleiion what is the temperature of tbe junction exposed to tlie 
beat. By means of such an instrument Ibe fusiou-point of most 
of the metals baa been determined (§401.) PouilUt also used 
the tbermn-electric battery for determining ibe maximum degree 
of cold. He endeavoured to ascertain the temperature at which 
quick^lvei freezes and fiulpburic letber combined with solid car- 
bonic acid begins to solidify. He used u battery of bismuth and 
copper^ and found Ibe degrees of cold shewn by it to agree 
exactly with those giien by an air-pyrometer and a spirit of wine 
thermometer with which he compared them ; he considered, 
therefore, that the indications of this apparatus are proportional 
to the differences of the temperature as low as - 100° centigrade 
= — HS" Fahr., or 180° below the freeiing point. 

The third use to which these thermopiles have been applied is 
to measure tbe temperature of places ; they have been employed 
in estimating the temperature of the sea, and that of the earth'a 
crust at various depths below the surface, as also that of tbe 
atmosphere at different eteiations. The simple batteries as yet 
used for the purpose consist of an iron arid copper wire, whose 
ends are soldered together ; tbe length will vary according to the 
distance of tbe point whose temperature is to l>e investigated. 
One of the Junctions must be at this place, and the other at the 
Station where the obseiiations arc made. A tbermo-galvano- 
meter is oonoecied with the battery, and shows by the deflexion 
of the needle what is the difference in the temperatures of the 
two stations. Now to measure this, Peltier immersed the juno- 

fae raised or lowered, as the cose might be, till the galvanometer 

must be equal. A thermometer standing in the fluid showed the 
heat at this point, and at the same time also that at tbe more 
remote junction. These measurements will not always give 
perfectly accurate results, especlsllf when the diSerence between 
the temperatures is small ; and if tbe length of wire to be tra- 
versed by the current is considerable, its intensity will sometimes 
be inadequate to overcome the resistance to conduction and 
flffect the magnetic needle. 

It is deserving of remark that by means of a thermo-electncal 
apparatus, such in principle as we have just described, but of 
pourse modified somewhat in form, Becquerel, Brechet. and Du- 
trochet have succeeded in obtaining important estimates of Iha 
vital heat nf cold-blooded animals and living vegeUbles. 
. '[he application of therma-batteriea to this use led Peltier at 
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length to the Importsnt dbcoverj, that ■ hjdro-elcetric current 
in its pwuge through a angle theTmo-battery, ii capable of 
generating either heu or cold at its Junctions ; the former, when 
its direction is opposite to that of the thermo-electric current 
which is geoerated b; raising the temperature of the junctions ; 
ttae latter, nhen its direction is opposite to that of the current 
produced by cooling the same poiots. The apparatus best 
adapted for testing the difference of temperatuie caused by ■ 
hydro- electric current is PeAier's Titrmo-dtelrie Crou, which 
eonaists of two strips of different metals, tx. gr. antimony and 
bismuth, laid one over the other in the form of a crosi, and sol- 
dered ti^ether at the point of intersection. Two heterogeneoui 
metal ends of such a cross are connected with the poles of a 
single hydro-electric battery, and the other two with a theimo- 
galvanometer. As the stream flows through the junctions, the 
needle of the galvanoiDeter is deflected, from which we infer 
whether these points have been heated or cooled. The voltaic 

pend it and connect both ends of the cross with the galvanometer; 
the same result is obtained. If the cross be made of antimony 
end bismuth, the junctions are heated when the current proceeds 
&oni the former metal to the latter ; on the contrary, if they are 
cooled it goes in the opposite direction. Corresponding result! 
have been obtained with other thermo-electric combinations, and 
as B general rule, it seems that heat is elicited when the positive 
'ed to a good conductor; that cold is pro- 



fa battery by the foltMC current 



Light is mediately a cause by which the electiioal equilibrium 
in a body is disturbed, if it produce local beat, eapeciHlly in those 
parts where heterogeneous substances touch. This effect of sun. 
light is easily explained by attributing it to the thermal influence 
of the solar rays (§425.); but the inferences that we seem to 
be justified in drawing as to the warming of the earth's surface 
by the sun are of special importance. Since (he crust of our 
earth may be regarded as a battery of heterogeneous matter, 
and alnce its thermo-electric currents hive for the most part the 
same path as that in which its heat advances, it has hence been 
inferred that during the rotation of the earth from west to east, 
the heating of its suriace by the sun's rays goes on In on opposite 
direction, vii. from east to west, and that to this the electric 
•nrimt* owe thrir origin ; fiir they bold on thnr ronrie uUQ- 
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lerruptedl; in the suna direction on ind within the emith's ctueI, 
in lines parallel to the equator and its pu-olleli. Tbis Itieory, 
irbich U held bj most modem philosophera. vu first broBched 
by Ampere. 

The importance of this theory induced seter«l scientific 
men to institute experiments to determine the actual eiisl- 
ence of these currents. In the year 1830, Foi performed ■ 
series of eiperimenls in the mines of Comwall, by connect- 
ing two distant stations in the same vein with the wire* of a 
galvanometer. He thus ascertained the existence of elec- 
trical currents of diflerect degrees of intensity within the 

in others from W. to E., and when the stations were at un- 
equal depths below the surfece, the electric current was 
generally downwards ; Penthericli and Bennett verified this 
last observation in their experiment) in other mines. Fro- 
feuor Rich's experiments, which he carried on in 183S and 
1839, in the mines of Saiony led to similar results, inas- 
much as be found the direction of the currents to depend 
on the geographical situation of the place, and on the depth 
of the station below the surface. 

Edmund Becquerel has since mode us acquainted with 
another electrical influence of light. From » series of 
minute and ingenious experiments, this philosopher found 
that the cheirical rays {§ 358.) of the sun and of artificial 
lights eiert such an infiuenee on plates of metal immersed 
in any fluid they can decompose, as to cause electrical phe- 
nomena which could Dot be produced by means of heat 
■lone, and that the plates thus exposed to these rays became 
positively eteetriHed. The fluid must be one chemically acted 
on by light. Subsequent experiments haT* shown that the 
chemical action of light ii not the sole exciting cause of 
these currents, but that the radiation of the metal exerts a 
powerfiil influence on this phenomenon. That light alone, 
without any chemical action, might produce this efl^t, can 
be shown by the following experiment. A vessel was dirided 
into two parts by means of a capillary partition, and each 
part was eovered with an opaque screen. Both compart- 
ments were then filled nitb the same fluid, and a strip of 
platinum placed in each ; the connection was eitablished by 
means of ■ galvanometer. Under ordinary circumstanees. 
no electrical current would be generated in the apparatus; 
but on removing the screen from either of the divisions so 
as to allow the light to fall on the platinum, the needle of 
the galvanometer was considerably deflected irom its original 
position of rest. 
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Becquerel's eiperiment, which we hnve jurt described, leaves 
us no loom to doubt that Heat is the alone immediiite and suf- 
ficient cause by which electricity wa« excited, and lliat no chemi- 
oal influence whatever operated to produce it. But ss yet no 
satUtactorj' concluBion has been arrived at, aa to the mode or Liod 
of influence heat eierfs in thus disturbing electrical equilibiium; 

trical phenomena, the internal texture of the bodies, and espe- 
ciallif their crysiallioe structure, p]ays an important part ; if, too, 
as we have already shown, a change in the molecular relations of 
bodies be the primitive cause by which electrical influences are 
called into existence, heat may induce the required change In a 
lariety of ways. 

Becquerel is of opinion that if the metals are classed ac- 
cording to the degree in which they become positively 
electrical by contact with each other, their order will b« 
ibund to agree witli that in which they would stand if ranged 
according to their radiating power ; hence he conjectures 
that the thermo- electrical properties of bodies stand directly 
related to their radiating power. He further holds that, 
when the caloric meets with any resistance lo its motion 
and propagation in bodies, it resolves itself into its two ftc- 
tora + and — electiicityj that eipetiments have proved the 
former to be the more powerful ; it therefore penetrates 
through the resisting medium, and hence the (positive) 
electric current passes from the heated towards the cooler 
parts. He also assumes, that heat can alone be the ejtciting 
cause by which electrical equilibrium is disturbed in bodies, 
that by its expansion of the minutest particles in a body they 
are made to recede one from another, and that it sets in the 
same manner as in the mechanical separation of bodies and 
their constituent parucles (§ 526). Every particle more 
heated than its neighbours will attract mote + electricity 
and repel in all directions the — electricity, and thus the di< 
reclioD of the thermo-electric current is shown by the pro- 
gressive warming of one particle in a body after another. 
Nobili, who has built up his theory on the same assumption, 
considers heat as the common principle of all electrical phe- 
pomena, and is of opinion that electrical currents invariably 
pass from the hot to the coot body ; he speaks of the electric 

and thinks that they rjisplsy the phenomena oF beat and 

same cause is to be attributed the other efi^la which have 
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been already noticed. He sceounts foe the high velocity 
with which eiectiicity is propagated by suppo«Dg the electric 
current lo be properly an undulation which comiounicates to 
llie one eitremity any difference of temperature eiUling at 



5 535. 

Magnetlam is also an exciting cause of electrical actioti : tbe 

condition of electrical neutrality is affected in a remarkable man- 

of electricity B current will be generated closely resembling in its 
nature the currents deriied from other sources, though its dura- 
tion and diteclion depend on peculiar birs. 'I'bc electrical phe* 
nomena generated by magnetic influence are classed under that 
branch of natural science known as electro-magnetism, which 
will be treated of at length in tbe cancluding section of tbia 



. S 536. 

The shell of air and vapour, which we call the atmosphere, is 
that part of our planet in which the electricity liberated by varioua 
processes accumulates) it constitutes in (act tbe great reservoir 
of sensible electricity, our solid earth being rather the field in 
which this mighty powei' is again collected and neutralized. The 
atmosphere is therefore the region in which the phenomena of 
aCutat^An-tcfJecfnctfy arc displayed on a Urge scale: their origin 
and operations are to be explained byrefereoce to the observations 
made and the laws discovered, as given in the preceding seclloas. 

The existence of sensible electricity in the atmosphere may be 
readily proved by fixing a glass tube on a wooden stick, a fishing 
rod will do, several feet long ; to the lube fasten a pointed piece 
of brass or copper wire ; erect this in tbe ur, and It vH\ act as an 
insulated conductor to attract the electrieity ; the conduction may 
be accelerated by sticking a piece of phosphorescent tuueh-wood 
on the point of the wire. Now conneet the wire by means of a 
second wire with a delicate electrometer, and the latter will sbow 
the electricity conducted to it from the atmosphere. 

§ 537. 



h. Google 



174 

lowing gcDcral r^sulta have been Amved at hy the inreBtigitlons 
of man; aeientiSc men into this autgect. When the air is clnr and 
aetate, it* electricity is genersllj poailive, but when the weather 
ii damp or rainy, it U negative. Its intensity THriea with tlie 
height of the diObrent strata; it is also affected In the time oF 
the year and of the day, and by the tranquil or windy stale of the 
air. The electricity ia mare powerAil in the higher regions of 
the atmosphere than it is near to the surlace of the earth j it ia 
alrODger in winter, and cipedally in frosty weather, than in 
summer, and when the air ia still, than in windy weather. 
Atmospheric depoalts, such as rain, snow, &c., are sometimes 
positively and sometimes negatively electrical ; Schiiblei's obser- 
Tations go to prove that tbifi depends on the quarter from which 
the wind blows. Generally speaking, when the wind ia in tbe 
north, the deposits are poMtive, when it is in the south, they are 
negative, and between these there is a constant interchange; the 
electrical condition of the earth ia invuiibly opposite to tiiat of 
the atmosphere; hence, at a certain djslance abate the sur&ee of 
tbe former, in an open country, at the height of three or four 
feet, the antagonist electricities nentraliie each other. A periodic 
Yariation has been noticed in its intensity, tbe aerial eleclridty 

sity is lowest during the night, it rises at sunrise and during tbe 

above the horizon ; &om that time it diminishes till it reaches the 
minimuEo, an hour or two before sunset ; as the sun sinks below 
the horizon, it rises rapidly while the dew la foiling, and in a few 

De Roma, Wecke's, and Henry's experiments with elec- 
trical kites first proved that sometimes the sensible electricity 
accumulated in considerable quantities in the upper regiona 
of the atmosphere, llie electricity they conducted by this 
means to the earth's surface produced effects far greater than 
have as yet been performed by the most powerful electrical 
machines ever constructed. — All experiments of this kind 
are, however, attended with danger, especially if conducted 
during a thunder-storm, as was shown in the case of Pro- 
fessor Rlchmann, of Petersburg, who was struck dead by a 
flash of lightning which be drew from a cloud on the 61b 
August, 1753. 



Tbe senuble electricity, which eiists in tbe atmosphere, O' 
its origin to many different causes ; hut though some of the ic 
distinguished philosophers have investigated tbe subject, no [ 
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fectly latiifiutorj eiplmnatlon baa u ;et been offered. Ataoag 
tbe probable cauieg to which it is supposed to be owing ara, ibe 
frietioti of the particlea of air ooe against another, the contact of 
■trvta of &ir of unequHl lemperatum, Ihe procesaei ofeambuMion 
and Tegetatioo. tbe formation of vapoura and their condenutioD. 
Since we know by experience that whea two bodiei are rubbed 
together Ihe warmer becomo BegatiTely electrified and the other 
positilely (§ 4S1.), and since the heat of the Rrata decreaiea 
with tbe heat of the almospbere, some philosophers haie conjec- 
tured that in these lawn we are to look for an eiplanstion of the 
Isct that, as the height of tbe strata iacrnues, they become more 
positively eleclricaL PouiUet, on the contrary, CDnaidera that 
tbe process of combustion, evaporation, and vegetation, which are 
carried on uninterruptedly at the earth's surfecei are tbe main 
Bourcea fn«a which the atmosphere derives its suppty of elec- 
tricity : this view he bm erdesvoured to support by a series of 
experiments, for an account of which the reader is referred to his 
work. The correctness of this assumption, on which the counter 
ctperiments of Pfaff have thrown a degree of doubt, requires a 
fuller inveiiigHtion before it can be admitted to have be« proved. 
The indubitable evidences of sensible electricity, which attend 
the different atmospheric deposits, are in tavour of the aggregate 
conversion of aqueous vapaurs eierting » considerable influence 
on the generation of atmospheric electricity; Clarke has even 
tried to show (hat a connexion subsists between the variations in 
the quantity of vapours and electricity in the air. — Perhaps after 
alt, it is more correct to anume that several of the causes named 
above, and perhaps others besides, which have not yet been recog- 
nized among the number, operating together, contribute to main- 
tain the atmosphere in a state of positive electricity, and tbe 
earth's sur&ce in a state of negative electricity : as the air is a 
very bad conductor, Kamti compares the atmosphere to a large 
electrical battery, whose negative coating is the earth's surftce, 
and whose positive coating is fixmed by the upper strata of the 
atmosphere, 

§539. 

The principal phenomena whose origin we are accustomed to 
attribute to the accumulslion oF sensible electricity in the atmo- 
sphere, and its consequeut neutralization, are, ttie tkctro-mttton, 
as they are called, that is to say, Ihundtr-ilormi, iluit ligilniig, 
til luBiwHif appearance of pointid object*, ttu avora bonalii, vo- 
ferjpndi, and whirlteindt, 

Tbe best known and the grandest of these phenomena an 

Diunder itorma bare been acc<Muited for Ity attributing theia 
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to the lormation of clouds, by which thej arealwajs preceded. 
It 19 well known Ihal they generally occur in the wanner part of 
the year, and that they me moat frequent in the loirid regions, 
because the thermal state of the atmosphere is then and there in 
the beat condition for taking up a large quantity of aqueous 
vapour. Now if a stratiini of air fully saturated with aqueoua 
Tapour be cooled but slightly from any cause whatever, the n^ 
■ eessary condition is therdiy fulfilled for a change iu the aggre- 
gate form of the vapour, which Is converted into minute drops 
which form into mists and clouds, 'I'hia process will go on under 
these circumstances much more rapidly and abundantly than if a 
cooler air, saturated with aqueous vapour of less density, had 
lowered its temperature the same number of degrees. The con- 
densation thus produced disturhs the electrical equilibrium be- 
fore subsisting in the vapour, and the + electricity accumulates in 
tbe conducting surface of the drops. In proportion as this for- 
mation of mist goes on the clouds become thicker, the drops of 
vapour come together near enough to toucb, and alt their free 
electricity is driven to the aurftce, which has the sharpest boun- 
dary; the tension of the electricity which is thus extending must 
necessarily increase, just aa it does in an insulated conductor that 
is charged (§ 483.). Such clouds are then to be regarded as great 
insulated conductors floating aliout in the air, which cannot but 
act agreeably to the laws of polar attraction and induction (S 4T5. 
4TH. 4B3.) on any bodies that come within the range of their in- 
fluence Tbe origin of clouds negatively cherged is accounted 
for thus^ it is supposed tliat the positively electrified clouds, 
which float about in the higher regions of the atmosphere, by 
fhrir inductive influence on other clouds nearer to the earth than 
themselves, attract the — eteclrieity from the latter, whilst tbe + 
electricity discharged into them mafcea i[s escape to trees, hills, 
and other projecting objects on the earth's sur&ce. 

Tbe clouds thus changed with electricity, like all other elec- 
trical bodies, eiert a tendency to saturate themselves each with 
the antagonist eteclrieity, and thus to re-escabltsh a state of equi- 
librium. This interchange takes place either between oppositely 
electrified clouds, or between tlie latter and the earth's surbce. In 
the former case there is commonly a mutud attraction of tbe 
clouds, which will account for their moving in apposite directions 
towards each other, as also for the changes in form which they 
undeigo. If the equalization of their elvctricitiea happens sud- 
denly, the intervening stratum of air is penetrated by the UsU- 
liig, which is merely a strong electric spark ; its path is usually 
ligiag, probably in consequence of the resistance it meets with 
in passing through the air it has itself condensed ; even the longer 
sparks given olf by an electrical machine are of a zigug shape 
Several flasbes frequently follow each other in quick succeanona 
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vhieh is the cue when, on account of theii relattTely low coo- 
duelJDg power, the cloudi do not completely dUchuge them- 
selies at once. Thia conetponds to the residuum of senBible 
deetiicity, wbich accumulates od the surface of a batter; that has 
been diachargedi and thus causes a second or third discbarge. 

The thunder ia produced simuluneously with the lightniog. It 
ia a loud report caused by the audden rupture oud disperfion of 
the air by the passage of the flash of lightning ; and is perceived 
to happen, on a Terj small scale, on discharging a battery. If the 
obserier be at no great distance fro:n where the eiploaion takes 

in proportion aa the thunder becomes more distant It will be ac- 
companied with a peculiar roUtTig aound. It is most probable that 
this rolling or pealing of the thunder is occasioned partly by the 
fivquent compression and disruption of the air by the lightning 
in the course of its passage, sometimes miles in length, through 
the damp strata of air, which act as conductors; partly alto 

our ears; and partly to the recoil of the va*cs of sound from the 
earth, the sea, and even from the clouds. Kijmti conjedurea 
that it is modified also by the interference of the undulations. 
By these various causes the original report ia so affected, that 
thunder heard in a plain country sounds diSerently from that 
heard in a hilly one, and this again from thai heard at sea; in- 
deed, at no two places probably is it exactly alike. From the 
time which elapses between the flash and the report, the distance 
of the cloud whence they proceed may be calculated by the ob- 
server according to the laws which are known to regulate the 

The electrical discharges from the clouds fall the more readily 
oo objects at the earth's surface in proportion as they favour the 
inductive action of the clouds, and aid the passage of the light- 
ning by the good conducting structure of their materials, by be- 
ing well connected with the ground, and especially by their height 
and figure, which should be pointed at the eitremiiy. Hence 
lightning most frequently strikes high houses, towers, trees, masts 
of ships, and the like. 

The eHects produced by the lightning in ils course through 
bodies depends principally on their conducting power. Iliey 
resemble, on a grand scale, the effects of powerful sparks from an 
eleotrical battery. When it strikes an; object it proceeds from 
that point along the best conductor that offers itself, so that it 
does not always choose the nearest path by which to reach the 
grotind. On arriving there, it is neutraliied by the opposite 
electridly of the earth, and all its influence ceases. If the con- 
ductors he stout bars of metal, or any simitar objects, which offer 
but a trifling resistance to llie passage of the lightning, the iit,- 
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cbarge will ttke place without l«Tiiig aoy percepiilile trace of 
its influeaee. If this is Dot the cue, as vhen the lightning strikes 
either bad conductors, or conductors of ia«ufficient capacity, or 
those whose coutinuity is broken so that Ihete are intemls over 
which it must leap, or through which it must penetrate, then its 
effects are eitremel; isried. It fuses or calcines the substances 
through which it pasBea, as when it traverses wires that are loo 
fine. It sets on Ric-Hich bodies as are easily combustible. It 
vitrifies eatthj' subBlanceB, especiailj'juch as are at all sandy (a). 
It splits itita shivers those solid bodies which iirr hid conductors ; 
and is destructive to life, both of man and of tlie lower anhnak 
(b). Sometimes a flash is emitted from the earth without any 
electricity being discharged from a thunder-cloud. This pheno- 
menon is thus eipluned : when s cloud floats just above terres. 
Irid objects, and by indnetion accumulates in them a great quan- 
tity of the opposite eleclriclly, and then suddenly discharges 
itself against a cloud higher in the air than itself, the sudden 
recoil of the latter oecasions the phenomenon. 

(a) When the lightning strikes a aandy soil it sometimes 
penetrsles to a depth of 20 feet, fusing the gravel through 
which it passes, so as to give the appearance of ■ bore or 
tube; to these boles the name of ^/W^ri/u has been given, and 
their electrical origin, which was long held as doubtful, has 
been fiilly proved by Beudant and other French pbilosopbers, 
who artificially produced similar effects by means of an 
electrical battery. 

Almost all these cavities wblcb have been traced to a 
greater depth than some 30 or S5 feet are found to terminate 
Id a collection of water; so if we compare the lightning to an 
electric spark, the cloud to the conductor, the mass of water 
to the discharger, then the superincumbent bed of sand will 
answer to the interposed substance which is pierced by the 
passage of the spark. 

(!>> On the morning of June Q.. 1S39. a fiash of light- 
ning struck abaltalionof French infantry on their march from 
Mezi^restoWeissenburglietween Mouzonand Stenay ; SOO 
men were struck by it to the ground, and oa rising blood 
was seen to issue from their mouths, noses and ears : two 
men were killed on the spoL 

The precautions to he taken in order to secure ourselves 
fcom a stroke of lightning will be readily seen from a con- 
sideration of the preceding paragraphs and from a knowledge 
of the laws which regulate the action of the electricity ob- 
tained from the machine. The chief thing to be attended to 
is to avoid coming too near to a/iy good conductors. If out 
of doors, do not take refiige under a tree or any other high 
object, do not move with such velocity as to accelerate the 
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process of evaporation, walk in the middle of the street 

rather tlian near the houses : if within doors, place yourself 

in the middle of the room, away from the walls, bell-puUs, 

or any other conductors of electricity. 

lyaleT-ipoati and ntAiWutndt, as also Aotl, which not ntilre- 

()ueiitl J accompany storms, are among the aerial phenomena that 

have not yet been satisfactorily accounted for; atmospheric 

electricity may however be regarded as at least a co-operating 

cause by which they are generated. 

Water-spouts olserved at sea, and the pitlaia of sand seen 
generally in the great deserts, resemble hu^ funnels depending 
fivm the clouds. They have a remarkably quick and tortuous 
motion, and frequently emit fla^esof lightning ftom their interior. 
When they arise at sea, the water immediately beneath theon is 
put into a stale of rotation ; by which means it is drawn up to the 
water spout. When this phenomenon occurs on land, dust, sand, 
ajid other bodies are raised in like manner. 'ITie force with 
which this motion is generated ii prodigious. The masts of ships . 
have been broken by it, the vessels lh«nselves have sometimes 
been raised up by it and then sunk ; whilst on land trees and 
even houses have someuraes been unable to withstand its 

There is a very difficult problem to be solved with regard to 
hail, which is evidently fwmed in tlie atmosphere, and which oc- 
casionally falls in pieces large as a man's list, ni'i.. hoa so many 
thousand tons of ice can be formed and supported in the air ? 



§540. 

After NoHet and Winkler had almost simultaneously (about 
the middle of the last century) discoveted the electrical nature of 
lightning, Franklin<1753) applied himself to invent some method 
by which the lightning might be conducted to the ground, and 
ita descruetiie efl^cls guarded against. The Ughtnivg eoaduetori 
which he invented were rods of metal, of sufficient thickness, ter- 
minating in a point, which projected some ^sluice above the 
highest part oFtbe buildini; near which they were fastened ; their 
oanlinuity was unbroken throughout, and their lover eitremity 
was driven some way in the ground : by this simple contrivance 
buildings, especially such as arc filled with Inflamtnable materials, 
arc secured against the destructive action of lightning; the ap- 
paratus, with slight modilication, has been applied also to ships. 
In the erection of a paralonneie the object to he secured is, that 
when it causes the discharge of an electric ctoud, it alone should 
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interided to protect or any of the neighbouring onea contiibutiDg 

in the slightest degree to re-estsbtisb the electrical equilibrium. 

Since the Driginal inieution of this most uselul Apparatus 

forious trapraiemeiits baie been introduced in its cod- 

of measuring its protective power. In the erection of con- 
ductors the falloTing rules are generally attended to ; if of 
iron the upright rods are generally about 2 iocbes thick and 
they rise at least from 5 to 6 teet above the highest parts of 
the building they are to defead, their ends are armed irlth a 
truncated point generally of copper gilt. It is assumed that 
a paratonnere of this kind is efiectiTe within a circle of 30 
feet, that when several are erected they ought not to be more 
than 60 feet asunder. According to the eiperiments of Pro- 
fessor Charles it would seem, however, thatapaiatonnere does 
not protect any object whose distance eiceeds twice its own 
height above the object, A metallic connexion is carried on 
from the projecting rod uninterruptedly to the ground : for 
this purpose a thinner bar, generally about j an inch thick, 
is used ; but sometimes strips of otiier metals are employed, 
and occasionally even wire. Whatever kind of conductor 
may be selected, it is necessary that it should go over the 
roof and not merely down from the upright rod above the 
building ; care sliould especiallj be taken that wherever the 
parts are joined there should be a pure metallic conneiion ; 
further, it is advisable that it should be carried at some little 
distance from the roof and walls of the building; that it 
should not pass through any combustible substance; that it 
should be kept away from any metal in the building itself, 
such as bell wires and the like; that if the roof be of metal 
the conductor should be carried clean over it and over any 
metal gutters and spouts. The ends of the conducting rods 
or wires ought to be carried to a place where llje earth is itself 
a good conductor; if into a pool of water so much the better. 
If this cannot be done, select bs damp a spot as can be 
found, and let the conductors terminate in three or four di- 
visions a tew feet under ground and not close to the building. 
Powder-magaiines, laboratories, and similar edifices, contun- 
Ing substances that would readily ignite, require to be 
secured with especial care against lightning. To prevent the 
lightning communicating at all with the building, tall poles 
like masts rising higher than any part of the building are 
placed round about it at distances of from 6 to l O feet ; the 
tops of these masts are armed with paratonneres, and, accord- 
ing to Professor Charles's observations, the distance of one 
mast from another should not exceed one-fourth of its 
height. In the construction of edifices requiring extra care 
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to >ecuie them from tightuing all unnecessar; projection! 
ibauld be avmded uid as small a quantity of metal as poa- 
sible should entet into theit construction. 

The phenomena of lightning, and the destructive effects 
vhich tomctimes follow when it strikes a building are ex- 
emplified by meaos of airell knovn piece of apparatus called 
a lAmtder-lumtt, used with an electrical machine ; by it the 
utility of lightning conductors is illustrated^ and the iden- 
tity of the lightning and of ordinary electiicity is fully 
established. 



§ 541. 

Tbe lanibeta liglun 
CTenings playmg ii 
trical phenomenon. It consiiU in a succesnon of luminous flashes 
rapidly folloviug each other and each of but transient duration. 
No report like thunder ig heard to follow and the light is often 
-viinble at the same time in the moat opposite regions of the 
boriion extending o*er a very considerable space. It has been 
established beyond doubt that in many cases it is owing to Ibe 
flashes of lightuing which attend storms happening at that very 

Schiibler believes it to be an electrical phenomenon altogether in- 
dependent of any thunder-storm, owing to the effiui of ationgly 
accumulated electricity which meets with no antagonist eleetiidty 
in the neighbouring strata of clouds ; wmilar therefore ts what 
obtains in the experiment with the lightning table described in 
§ 493. 



5 542. 

Similar electrical pbenomeoa, but less generally known and less 
frequently noticed are those tufts of light occauoaall}' visible 
when the air is in a highly electrical state on pointed olyects, such 
as the tops of the masts and the ends of the sail- yards of lessels, 
on the tips of lightning conductors, on the ends oT bayonets, and 
aometimea even on the ears of horses ; the ancients gave lo this 
light the name of Castor and Follui : in modem times it bas re- 
e^ved various names, as St. Elm's fire, Helen's lights, &c. The 
light is seen to flow from such bodies as we have just named for 
a length of time, the discharge being attended with a crackling 
■UHse i it produces no perceptible effects, and is in all prohaUlity 
owing to the equaliiatlon between the electrical tension of the at- 
mosphere and earth, resembling the emission of electricity from 
poiitted bodies towards the conductor of tbe machine. 
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He Polar lighti, the Aurora fioreofii, and Aiatralii, are lumi- 
nous sppewancts in the horizan, less transient in their duratioD 
than either the lightning or Ibe phenoineDdn dewribed in the 
preceding paragrapli ; Indeed they are sometimes lisible for hours. 
They are of most frequent occurrence in the higher latitudes, 
more rare in the temperate zones, and within the tropics they 
are scarcely eier seen. In the northern hemisphere the illu- 
minated part surrounds the north pole, in the opposite hemi- 
sphere It surrounds the south pole ; henee the respectiye names 
af^wlu and atufndia applied to the aurora. When the figure 
is perfect, which howerer it rarely is, it consists of a luminous 
Arlp of a circular form, enclosing with the horizon a darb seg- 
ment of a circle whose centre seems to lie in the magnetic me- 
ridian. This Bich of light undergoes many changes in the 
beautiful colours which compose it, and emits many flashes of 
light. From time to time it throws up sparks of light of all 
colours, and in every direction ; these frequently reach to the 
zenith and form a kind of crown. The greatest height to which 
this radiant light extends in the atmosphere is somewhere about 
fifteen miles. Sometimes the entire heaiens appear illuminated 
abore the arch to the lery zenith ; it is asserted that when the 
northern lights are unusually brilliant, very peculiar noises have 
also been heard. , 

From eiperiments and observations made on this subject, 
especially by Hansleen, it appears that the polar lights do fre- 
ijuently, hut not always, af^t the magnetic needle, defiecting 
it several degrees, just as the electric current deflects the gal- 
vanometric needle (§ 450. and g 51S.), whereas if a needle of 
copper or any other metal be substituted for the magnetic needle, 
no such effect follows. There is a great ^milarity between this 
phenomenon and the appearance Resented on exhausting a glass 
vessel and then discharging a stream of electricity into the 
vacuum, as is done in the eltclrical aurora bortaUi, § 493. Han- 
steen's observation is worthy of notice, that, shortly before the 
aurora boraalis is seen, the terrestrial magnetism displays an 
unusual intensity, which ho' 

standard. 

From the resemblance of this ptaen 
electrical nature, and from the fact that it frequently affects the 
magnetic needle, it is held almost universally to be of electric 
origin, Tbicnemann, who during his residence in Iceland bad 
repeated opportunities of seeing this phenomenon, considers it to 
be caused by electrical discharges in the fine feathery clouds In 



h. Google 



tbow northern regions where tbundeivstornis are unknown ; the 
noUe, loo, which hai loinetinies heen otHerreil to ■ccompany the 
Hishei of light, is by him referred to an electrio origin. 



S5«. 

It is generally beliered that «e are wairented in in^ng that 
while the fiinctions of life are peHormed, an uninterrupted de- 
velopment of electrieit; is maintained between the nerres and 
muaeles of animals, at ttie surface of the skin, and especiaJlj in 
heterogeneous o^ans. The precise origin from which this 
auppljr of electricity is deri«ed is still unknown to us ; some cpn- 
dder it to be an eSccI of the organic process of life in general ; 
others iliat by means of the contact, or by some chemical dif- 
ference in the neryea and muscles, Che electricity eiisting in the 

degree of electrical tension, and that this constitutes the source 
from which it is supplied ; others again consider electricity and 
nenous energy to be identical. 

Soon after GalTani's important discovery, by which it 
was thought that Ihc eiistence of a peculiar animal elec- 
tricity had been ascertaii«d, Alexander ion Humboldt, 
Pfaff; and others, found that when the spinal nerve and the 
muscle of a frog's thigh were placed in immediate contact 
or were connected with an insulated piece of niuscular flesli, 
contractions took place in the latter just as if it had been 
brought into contact with disamilar metals. In like 
manner traces haie been detected of an electric current in 
liring bodiea, by connecting two remote portions of a nerre, 
or of the muscle belonging to it, with a Tery delicate gal- 

]>. Dornig of Paris Is one of those who seek for the 
source of this electrical excitement on Ibe sur&sea of the 
inner and outer skins, attributing alkaline properties to tbe 
ftmner and acid properties to the latter. He made one end 
of a platinum wire to communicate with the onter, and the 
other with the inner skin of tbe mouth ; within the rircuit 



to this hypothesiSi Matteuci, however, is strongly per- 
auaded that a current produced thus af\er the death of an 
animal, soon eeosc*, and that consequently it could not have 
been owing solely to the chemical Infiuenee of the fluids 
(rsnspired through the two ^ins. Wilson Fhilipp, on tbt 
contrary, showed how in certain cases the functions ofthe 
neTTea migtat he discharged by a hydro-electric current, for 
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134 ILICTIttClL BEL. 

haTUig defltroyed the ocdon of Bome of the nerres leading to 
the stomacb of b dog, be restored their ttuipended action by 
connecting the 8e»ered ends with a feeble galvanic current. 
That a peculiar electrical energy resides in tbe substance of 
the nerves, which can in some animals be called into play at 
pleasure, is clear in the case of the lorpedo and the gifmaolui or 
Surinam ttl. These fishes are distinguisbed by an eitraordinarj 
abundance of nenes, sad particularly by a peculiar organiralion, 
by virtue of which they are enabled at pleasure to coramunicate 
electric shocks to any animals that come near tbem. These shocks 
are very like those given from a Leyden jar, or irorn a volt^c 
battery of a Urge number of platea ; they succeed each other so 
rapidly that men, horses, and other large animala are stunned 
and eren killed by them. Anatomical inTestigatian has shown 
that tbe electrical organ in these fishes resembles in its construo- 
tion a hydro-electric cell battery ; it produces not only the phy- 
siological effects noticed above, but others of an electrical nature 
strictly identical with those generated by yoIuIc electricity. 
Thus in this electrical action conductors and non-conductors 
have been found to occupy tbe same relative positions toward* 
each other. By the current these creatures emit, lunpinous, ther- 
mal, chemical, and even magnetic effects are produced. 

The electrical oi^ns in all fishes of this class are similarly 
constructed ; but it is not situated in the same part of tbe 
body in them all. He torpedo has been examined with 
the greatest attention : in it, it is found to consist of p com- 
bination of single cells arranged like a galvanic pile, a trans- 
Terse membrane closes them, and they contain a peculiar 
fluid. Numerous [lerves run to these dividing membranes 
and probably fulfil the same office as the dissimiUr electro- 
motors of a hydro-electric battery. 

If the electrical organ of one of these fishes be touched 
eiternally at two difl^ent points, ^ther immediately or by 
means of a conductor, a shock will be experienced instantly. 
The wider the points touched are from each other, the more 
powerful the shock ; sereral persons may receive it at once 
if they form a circle by laying bold of hands, having pre- 
viously moistened them with water ; tbe first person should 
then touch the belly, and the last the back, of tiie fish. The 
current and its influence will be interrupted by imperfect 
conductors. Positive cJectricity is obuuned from tbe back, 
and negative from the belly, as has been shown by means of 
delicate electroscopic apparatus. John Davy vras the first 
who measured the chemical intensity of this current by its 
decomposition of water and the metallic sails. Its thermal ' 
force be ascertained by means of an electric thermometer ; 
ita magnetic influence he tested partiy by its defieotion of 
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the needle, and partly by it9 inagnelidng needles. Mattcuci, 

and more recentty LiD«ari, have succeeded in getting distioct 

sparks from these creatures. 

Electricity seems to play an important part in the vanous 

stages of the devclopmeni of ptants. Thus flashes of light have 

been seen to be emitted from many plants in fiiU flover soon 

after sunset on suHry days. It has further been ascertained, by 

gcaierated in the interior of their substance, although their inten- 
sity is but small ; and tJiat an uninterrupted development of elec- 
tricity Is maintained by the eihaUtioD of carbonic acid in the 
atmosphere, especially during the germination of the seed, and, 
indeed, throughout the entire process of vegetation. 

The luminous phenomena in plants hare been most dili- 
gently noticed by Zawadski, who observed them to happen 
principally in orange -coloured flowers ( Calendula officinalis, 
TropKolum, LiUum bulblferum, Tagetes patula and erects); 
that they occurred most frequently in the months of July 
and August, and that the same floirer discharged a numbra- 
of flashes in suceessioD Dr. Doan^ has performed a num- 
ber of experiments in the course of his investigations int^ 
this subject. He has found that in many fruits the current 

opposite direction. Blake, who has established the existence 
of these currents by similar eiperimenls, thinks he baa dis- 
covered that they run from the stems to the sur&sea of 
leaves ; that he has verified their course to be as has been 
just said, by the chemical decompositions they effect ; that, 
lastly, the leaf itself is rendered posiliiE, and the ambient air 
negative. — Pouillet has rendered essential service to this 
bruich of science by discovering that positive electricity is 
given out Irom pluits when germinating. This he aacer- 
tained by connecting some that were in this stage of .v^eta- 
tion with a condensmg electroscope. From his experiments 
be inferred that a surface of 1000 square feet would give 
out sufficient electricity to charge the moat poverAll battery. 
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SECTIOK V. 

ELBCTKO-DTNAMICS, 



§ 545. 

Wi have (Ireadf proved, in muif pasngei in the section! de- 
voted to Electriraty and Magnetinrii that a great similarity in 
many paints obtUDed between these two forces. This was par' 
ticuEarJy evident in the exact c<Nnciden^ of their principal laws, 
vie, in those of polar attraction (§ g 437. 475. 481.). and in 
those of induction (§§ 439. 478. 483.). But many other phe- 
nomena, and especially tbe influence of electricity under various 
circumstances on both natural and artificial magnets, and on 
bodies capable of being magnetized, lead us to infer an intimate 



The following are some among many phenomena of tlJls 
class : — It was noticed that steel rods, and even stones 
(probably loadstones), acquired magnetic properties when 

magnetized by passing electric spark* through them. It 
was also observed chat a ship^s compass not unfrequently 
deviated Irom its normal position, when the masts of ^e 
vessel came near to a thunder-cloud. Thus in the year 16T6, 
when a fleet was sailing to Barbadoes, one ship was struck 
by lightning, and no small surprise was excited by her im- 
mediately sailing back towards England. On inquiry it 
was found that the flash had reversed the poles of her com- 
pass needles. 
Within a very recent period some most important discoveries 
have enabled >is tc prove, on scientific grounds, on what this con- 
nexion dependsL The &cts on which tbe whole proof rests are 
tbe following, viz. : — 

1.) That every metallic conductor through which an electric 
current passes, asts on magnets suspended freely, and afaewi mag- 
netic properties. 
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2.) ThM electric currenis exert on each other influences closely 
resembling Ibose vhich they eiert on magnets. 

3.) That ft magnet acta on ati electtic current precisely lu 
another current would hA7c donc^ 

4.) That electric currenis in conductors in like manner excite 
such currents. And, lastly, 

5.) That magnets can in like manner eicite electric cunenli, 
and the other electric influences dependent on them. 

All those phenomena in which electricity calls foHh magnetic 
influences belong to EUctro-magtulaM ; those in which electric 
action is eicited by means of magnets are comprised under Afajr- 
neto-ckctricitf. Since, however, as far as our present eiperience 
has demonstrated, the electricity set in motion is the liindamen- 
tal cause of all these effects the name of EIictKhdynamia has 
been given to this recent branch of physical science. 

Ritter and Yelin in the last century threw out some con- 
jectures as to tbe internal connexion between electricity and 
magnetism, and their probable identity ; but it was nut un- 
til 1820 that Oersted, of Copenhagen, discovered the first 
eft^ts of an etectro-magnetic, and in I8S2 Caraday those of 
a magneto .electric character. 



A. hfiitaue eflhetiectTii! cvTTent onmasntti smpendeilfreeli/. 

§546. 

The first discotery made by Oei^cd. by which the road to this 
fertile field of science was first laid open to philosophers, con- 
sisted in this t that an dtctric currtnl Irammittrd near to a magnetic 
needie dejiectt it from it$ normal potitiun. This deflesion, whictl 

peculiar and uncertain, was found, on closer examination, to obey 
B universal and unvarying law ; which is thus expressed in Am- 
pere's brief and universal terms : That tht norCA jitlt ofamagntt is 
invariably deJUeted to the left of the current which paiia betwiai tht 
needle and the obterver, who is to have hii fact towards the needle, 
tha electric current being (iippOMrf (o enter neur hit fiti, and to pass 
out near hii head. The needle, therefore, as far as the (iiiecting 
fiirce of terrestrial magnetism permits, endeavours to take up a 
position perpendicular to tlie direction in which the current ltow>i. 
This effect is not altered if, between the conductor of the cur- 
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IBS ODMHUTJtTOS. 

rent and the nugnetic needle, tbera be interposed either good or 
bad conductors. Uniaagnetiied needles, and such as are made of 
noQ-nuigiieliiable substances, are acted upon in no such way by 
an electric current 

As before, by current is always to be understood tbat of 
positiie cleclricily ; the lav just given and all that will be 
said about the current and its direction, is applicable to the 
negative one, if every thing be exactly reversed. 

Since, as we have had occa^n to reinark before (§ 4B8. 
and 497.), the permanent electric current is more power- 
ftil and certain in its effects than tbe momeacary one, the 
hydro-electric current will principally be used in these 
eiperimenls. although we have seen several magnetic 
phenomena produced by fHctional electricity; and unce 
thermo-electric currents are equally permanent with Hie 
voltaic, their magnetic effects agree exactly with those of 

At first voltaic piles were used for tbe performance of 
electro-magnetic experiments ; but when it was liniad that 
the magnetic effects, in which, generally speaking, there was 
no very great reaistanoe to conduction to be overcome, 
depended principally on the quantify of electricity set in 
motion, a common hydro-electric battery, with a pretty large 
effbctive Bur&ce, came to be used in its place ; tbe kind 
generally used was either an Oersted's trough, or a Hare's 
spiral battery. Since, however, it has been found that the 
constant batteries are the most powerful and unvarying in 
their results, these have supplanted the other sorts, and the 
current generated by a battery of two Groves' platinum or 
Bunsen's carbon cells (§ 505. ), with an effective surfece of 
trom ten to twenty square inches, will be found sufficient to 
perform all experiments of this class- 
In performing these experiments, it is trequently desirable 
to reverse the direction of the current without being obliged 
to change the arrangement oF the cooductora from tbe palest 
This end is attained by means of a very serviceable piece of 
apparatus included in the circuit between the battery and 
the electro-magnetic appanlus ; (he tianie of Coamtitalor, or 
Gyratropt, has been given to this instrument : the first idea 
was conceived by Ampere, who has contributed so greatly 
to the advance oF this department of science : «oce its first 
invention, the instrument has been considerddy modified. 
according to the particular object to which it is to be ap- 
plied. Pohi's is one of the most convenient : of it we hue 
given a vertical, a sectional, and two petspeelivc views in the 
Jig: ibilowmg, SOS a, SOS d. Four imall copper columns, 
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Conamttator or GyratrBpt. 







with b, and B with C, by 
a strip of copper. One of them, A D for instance, is so 
cuned, that when tbpf cross each other no meullic contact 
may happen. P M is a copper axle, running in two up- 
rights al the same metal, diTided in the middle by a piece of 
wood or ivojy, so as to foim two insulated portions. On 
each of these halves is a copper bow, a cb d, its shape is 
best shown by n P c, fig. 203 h. The pillars Pand M, in 
: cylinder turns, serve as binding-screws, by whici 



nbec 



d with tl 






! apparal 






also fumis 

binding-screws, which serve to conduct the current to the 
electro-magnedc apparatus. When these conneiions are 
established, the contact is slill braben, so long as the curved 
pieces, a c and 6 d, reioMn in a horizontal position, as shown 
in fig. 203 b; but on depressing Ihem, as represented in fig. 
203 c, the eonneiioii is formed with A and iJ, the current 
proceeds from P to A, traverdng the. conductor of the 
electro-nnagnetio apparatus, and passing over B, returns to 
M ; move them to the other side, the curved pieces will then 
be connected with C and D, as in fig. 2(X\ d, and the current 
wUI go from P over C to B, thence it will traverse the con- 
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ductor to the electro-magnetic appHtstus, and return over A 
back to D and M. — To ensure that a gyrotrope shall act 
with cerlunty, it 19 important 10 see that all the puts 
' through wfajch the ftream is conducted are perfectly id con- 
tact nt all their points of conneiian. In ihe arraiiEemeiit 
we have just been describing, it is best either to gQd the 
points, or else to insert them in mercury cup*. 
'Die action of tbe electric current, agreeably to the principal 
law given aboie, diMurbs in various vayi the naturaf equilibriiun 
of a magnetic needle, and with a single exception, which will be 
noticed by and bye, the deJUctiott varies according 'as the current 
passes over or below the needle, whereas lis dip is affected by 
sending the cuirent at an equal height on one side of the needle. 
The influence of the current is further exerted on a decliaatioo- 
needle, varying according to the direction of the current, with 
regard to the normal position of the needle. 

The following are the principal cases that are to be met with 
of the fundamental action of electrical currents : — 

I.) If the current pass from the S to the N, abem the declina- 
tiun-needle, its north pole will be deflected westward, and its 

same direction, laukr the needle, its deflexion is exactly reversed. 
2. ) Conduct the current in this direction on the east side of a 
needle, and its north pole will be elevated and the south pole will 
be depressed towards the earth ; send the current on the west 
side of the needle, and tlie elevation and depresMtm of the poles 
will he reversed. 

3.) All the above deviations will tafee place in exactly the 
opposite direction if the current flow from S to N. 

4.) When a current is sent from E. I0 W., ovir a declination- 
needle, it will cause the latter to turn completely round, i. t. the 
north pole of the needle will come to the S., and the south 
pole to the N. If the current be transmitted uTuter tbe needle 
instead of above it, its poles are not reversed, but the intensity, 
with which it abides in its original portion, is increased. 

,^.) These circumstances are reversed if the direction of the 
current be from W. to E. 

To verify one by one tbe diB'^rent cases of Oersted's fun- 
damental eiperiment, it is merely necessary to conduct the 
current from such a battery as we have described, along a 
copper wire, about one line in thickness, which lis to be 
placed in the prescribed portions, above and below a mag- 
ne^c needle moving freely. The different phenomena will 
then arise, as has been slid already. A common variation 
needle will indeed show the dip, but not quite satiabclorily ; 
to obtain this with any degree of accuracy, it will be neces- 
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fig. 134. To observe simuluneously the yarioos defleiions 
of Ihe needle, with respect to the different points of the 
horizon, according as the current is trsnamitted above or 
below the needle, BOme such appantus as the rollowing will 
be found coiiTenient ; a,b,c,d, fig. 304, is a square fiame 
of copper wire, at least a 
Fig. 304. line thicV, faslened on 

, , rf four wooden pillars, a, b, 

c. d, in the board A I 




ilch are connected with 
the correspundiog ones of 
v,fig.20^. Ill the middle ofeach of tlie four 
wires is a steel point, on which a magnetic needle can be 
placed when the stream of electricity is to be sent under the 
needles : if it is to pass over them, place them on little stands, 
fig. 204., and put the stands as nearly as possible in Uw 
middle of the four sides; care baiing been first taken that 
two shall coincide with the magnetic meridian. The phe- 
nomena of inclination may be eihibited by this apparatus, if 
two of these little needles are placed within the frame and 
near the sides where tbe current is passing in the direction 
of the magnetic meridian ; or horizontal aies may be placed 
in the middle of these two sides, and dipping-needles can.be 
slipped on the aies. Do not select as dipping-needles such 

the distance they will be asunder, they affect each other, and 
prevent one another from taking the expected position. 

To show, in a very simple manner, that, in all cases, tbe 
influence of the current is eierted agreeably to the above 
laws, procure a small jointed doll ; extend its left arm, and 
it will indicate the direction in whicli the north pole tk the 
needle tends to settle, if the doll be held so that the wire 
shall be between it and the needle, that iu face shall be 
turned towards the latter, and that the current shall flow 
trom the feet to the head. 
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It ii evident from all that has bwn sdtuiced in the preceding 
lection u to the influence of the electric current upon magnetic 
needles, that the former acU upon (he hitter like h force which 
eierts itself laterally, and, indeei at right angles to the line of its 
direclioa If thb were the onlj force in operation on the needle, 
its ails would necessarily take a position perpendicular to tbe 
course of the current. But the magnetic influence of ihe earth 
■eta upon it at the same rime, and imparts to the needle ita polar 
position. From the conflict of these two forces an effect is pro- 
duced which iDajF be estimated in Ihe same manner as any other 
compound nootJon (§93.), and by which tbe different degrees in 
which the needle is deflected may be accounted for. 

The only case in which the position of the needle undergoes no 
change is when the magnetic current and the " vis directrii " of 
the eartii act in the same direction. The magnetic intensity is 
then equal to the sum of the two forces. Wheft these forces act 
in opposite directions the reaullant is equal to their difference. 
The needle i< either less powerfully retained in its normal posi- 
tion, or it is completely turned round, whea the magnetic in- 
tensity exceeds the earth's directing force : in this position of the 
needle tbe degree of intensity is measured in Uke manner (see 4. 
in tlie preceding g). When the forces act at any angle whatever, 
then, by the law of the parallelogram of forces, tbe needle will 
acquire the position of their resultant. This is, of course, the 
case when the current runs parallel to the ails of the magnet (see 
1. and 2. in the preceding §). 

Hence it is seen why the amount of the needle's deflexion by 
the passage of an electric current, either above or below it, in a 
direction parallel to its aiis, is invariably dependent on the ratio 
subsisting between the above-named forces. As a general rule, 
the greater the intensity of the current, and the less the "vis di- 
rectrix " of terrestrial magnetism, the greater the deileiionof the 
needle. If now one of these forces be consUnt, and we shall be 
sufGcicntly near the truth in assuming tbe earth's magnetic in- 

the intensity of the electric current, may be measured by the 
angle which the needle is deflected from Its normal position. 
Hence the propriety of u^ing a magnetic needle, both as an indei 
to show the existence of an electric current, and as a measure of 
ita intensity. It is almost needless to remind tbe reader of its 
application in the construction of galvanometers (§512 and 
oM). 
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B. — hfistnet of Etittric CfmnU m each otlttr. 

No ditenvery in naturst science excited more general and 
lively intCTCit than Oented's. Tbe most diitinguished philoso- 
pheiB throughout the world recognised its imponaacse, aad en- 
deavoured bj repeating and varying his eiperiinenu to trace itill 
further this eitraordinary properly of electricity. They hoped by 
means of Oersted's rundamentai eiperiments they should beenabled 
to unravel the mystery in which the connection between electricity 
and- magnetism had hitherto been shrouded. New facts were 
sought for ei peri mentally which might serve si indisputable evi- 
dence of the identity of electricity and magnetism, or from which 
it might be proved that both were merely mD<li6calions of the 
same fundamental force. Although the object thus eamestly de- 
ured has not yet been attained, the nctive spirit of inquiry that 
has been called forth has led to important and approximating 
conclusions. Ampere, who considered Oersted's eiperimenta 
tioia a point of view common to them all, selected thi mtitiail ri- 
lotion i^deetric curraiti lo tach athtr for the special subject of his 
invesligatimis. He was led to the important discovery that, Iht 
fltetrieilii$ in a ttalt ef motion, i. e., oi deelric atrrnilt, act attrac- 
tivti^ and rtpultittfy on each otker according to a ceHain Jaw, in a 
manner resembling the polar attraction (g 4T4.) of itatical elec- 
tricity, I.e., of electricity in a state of tension. 

By means of bis discoveries a connection, which might indeed 
have been inferred from Oersted's eiperiments, was cltmrly shown 
to subsist between electricity and magnetism. Additional im. 
portance attaches to these discoveries, as Ampere deduced from 
tbem a highly ingenious theory, in which the phenomena of mag- 
netism were referred to electric currents, or in which, at leaxt, 
th( mutual influence of electricity and magnetism admitted of an 
easy solution, and in which the varioui electro-dynamic pheno- 
mena were collected into a whole. 



AmpJre found that the influ. 
ther varied with their position 
lie tiindamental law according t 



«ic* otiier mSen Ousftoa 
' ia the tamt direction, as in 

jfj. 205a. where ab, cd 
' are tha currents, vhoM 



diroctioni are indicated by the arrows. They repd akat 
their fUnctiont art oppoiUe, as in fij. £05 b. 

To peirorm theexperi- 

^ •* ^^ ^ trsted two differmt pieces 

of appantus are requited, 

f'a, one liied eonduelor, and one which can be moved with 

great ease The coni^truciiona adopted to effect thia object 

M-e various ; the following are perhaps among the best ; — 

1.1 De la Sive'i Flaatuig Current, fig. 20e. — This is ihe 

uniplest of all moveable conductors. 

rig. 206. It eoiisLsis of a disc of cork ah, under 

^^ / liatlery, composed of a thin plate of 

"^HW* -'thanacnalgan,a,ed.mcplatez. The 
^■■^^^■1 pole of the copper element is at -f , that 

'^^^H' of the line at-. Small pieces of pla- 
tinti ID. soldered on to these metals an- 
swer best. They should be made to pass through the cor4, 
and a fine piece of silver or copper wire + »( — should be 
connected with them in some simple manner. This electrical 
float is to be placed in a vessel containing a mixture of water 
and suphuric acid as the exciting fluid. An electric current 
will be generated in tbe direction from t to t, as shown by 
the arrow in thejij. The second part of thia apparatus will be 
the second electric current, to which the requisite stable po- 
sition is to be given, with respect to the floating one. A fine 
:r with hilk, is to be carried eight or 
of a galvanometer, close 
bout six inclies long and 
)wn in^ff. 207. ; from it the endS of 
IhewireK,froai 1 foot to Itin length, 
are carried to some constant battery: 
a simple DanieU's, Grove's, or Bun- 
len's iHittery is well suited lor thia 
This frame can easily be 
ich a position that the cur- 
ing through its longer side 
larallel with the current ia 




purpose. 



when the respectiTe phen 
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2.) Ampirt'i Eieetro-dsnamic A^aralut. — PYj.-aOB. t 




A B ; Hs the figure shuwA, 
tbey are bent tvice Ht 
right angles, and lermi- 

laercury cupsi their mid- 
dle parts will ttwrefbre 
be at right angles u> each 
other. These two bent 
wires serfe partly as £>ed 
conducton of the electric 
current, but principally 
of tbe ' 



GuUlir 



TH« 



bent in tbe form of a 
double square i:i(R and ikqo ; it is insulated at i and * by 
insertion in a piece of cork ; the ends at d and A are fur- 
nished with steel paints; tbe battery js set in action by 
placing these points in the mercury cups d and h. This 
conductor is completely supported by the upper cup d, and 
turns with perfect freedom upon its steel point. To render 
tbe motion as free as possible from frictiotl, it is well that 
the bottom of the cup d, on wliich the point rests, should bo 
of glass or B gate, while the other point is but just immersed in 
the mercury in tlie cup h. To connect the whole of this 
ith the hydro- electric battery, two little arms 
the wire at a and *,tarryiog binding-screws at their 

battery st p and m, or a gyro- 



slide 



Tbe apparati 



netted with the poll 
trope may be used ti 

Now if the current run in the di 
figure by the arrows, the part 
will be attracted by the part a'b of 



>fthe 



1 indicated in the 
loveahle conductor 
fiied conductor in 
to that of the 
where the cui- 



jallel 



former, but it will be tepelted by 

To perform another eiperiment which also depends on 
the above law of the attraction of currents flowing parallel to 
each other and in the same directioo, we may make use of, 

3.) RogtI'l iMtUioHng t/cctrlcal ipiraL — Fig. S09. A 
t.faiil + — , not coiled lery closely, of thin copper wire, 
such that it may easily be oompressed or elongated, is bung 
vertically with its upper end'^ough the conductor wbjcb 
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Fig. 209. 



If electrical cuireots „, „, 
displaj a tendency to move 
«tion on tbat line. 



pntjecta from one pole of the battery, while 
the point of its lower eitremity just toiicbes 
the auitace ; of Hjme quidisilrer which is 
connected wiih the other pole of the same 
battery. On establishing the connection the 
spiral vibrates longitudinalTy, because with 
every contrartior of the coils composing Ibe 
helii, the connection is broken, the weight 
, of the wire then causes its lower end again 

to unk into the mercury and the action of the battery is 

restored. 

§ 550. 

>t run parallel to each other, they 

towards the same Hne and to tbe 

'™ ' ' shown in the following 



direction on tbat line. This 
I-et two rectilinear currents ab, ed,jig 210 o. and i. 
Fig. 210 o. rtg. 210 h. 






angle whaterer, then they must either attract or repel each other. 
"Hie former will ensue if both currents flow towards, or from the 
angular point as represented by the arronra in fig. 210 a. ; but if 
one current run towards the angle, and the other from it, as in /!^. 

210 6. then they will repel. In 
Fig. 211. both these cisei the tendency above 

spoken of is seen in operation. 





Ift- 






betwi 



ertical 

angles «and y, and repel between z 
and». The result will be that both 
conductors will endeavoiu to take up 
a position in which (hecorreniathat 
flow through them may have a 
aimilsi direction. 

Sxpt. To verify tbe correct' 
MM of tbii meTtion, ose the 
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floating current deaciibed in the preceding section and repre- 
sented in fig. 206. and bring tu it the Giedcurreot j!^. 307. 
to which such a direction is to be given that it ma j ansver to 
the several cases given abore, 

Ir, however, the reader prefers using Ampere's apparatus, 
hang in iti cup the conductor! jlf no, jiir. UlS. and brine the 
stable conductor so near lo the under side of the rectangle H 
that the diieclionofits current ma; make an angle with \l. 
The conductor represented in fig. S07. will do, or ^t one 
of stout copper wire represented by g r > t u in figi. S 13. and 
213 a. through which the stream takes its course in the 
direction pointed out bj the arrows, this conductor bung 
used as shown in both the figures to connect the battery and 



Fig. 213. 



Fig. S13 B 




I ( f wiU be attracted ; injt^. SI3a. they 



JL 



I — 1 



cross each other. 



ilwlUh 



eiert 



pend the moveable conductor, 
fig. 313. in the mercury cup 
and lo place under the lower part 
of ita current k I either the con- 
ductor fig. 307. or one of the 
conductors < > or r ifig. 213. in 
Buch a manner that the direc- 
tions of the two currents may 
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psncW in [he £ 

direction cijubI and parallel 

In peHbtm'mg the lust eij 
paratus may be used of wbl( 
fy. £15 a. and a horizontal oi 



ircular conductor Jlj. EH.besua- 

a part of the ring may mo™ in a 
lei to that of the current placed 

riment a simple piece of ap- 

! In j?j. 215 6. 



rcles. ia the centre r 
«cup; Ibe ends of the 



In the wooden disc AB ia a circular 
two opposiic points by the I 
eonsequenlly divided into t 
nf the trough there stands ai 
copper needle c d runs, wil 
needle which are of steel, ai 
the mercury with which the trough is filled. Under thia 
needle is t, second tf, whose ends are alio turned down lo 
reach the mercury, and which can be moved round by the 
hand. The current runs from the hin ding-screw p into one 
trough, thence through the two needles into the other, and 
returns from m to the battery. When the needles are in the 
ptwition given in fig, S15ii. repulsion obtainn; when their 
position is that represented iafy. 215 \. attraction ensuesio 
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§ S31. 

Two currents following each other in the same direclion, as 

also the different puts of the same current, repel each otlier. That 

this effect must necessarily 

Fiff. £16. arise fbllons from the ptie- 

a^^_^^^^ nomenaeiptained in the pre- 



theangle between the currents 
nftandcdj^. 216. becomes 

— .. '' A c •* — d ver; obtuse, £and c repel juM 

as if u [> and c d were in the 
le straight line. 

Eipl. Ampere has endeaTOured to lerify this par- 
ticular case eiperimenfally by means of the apparatus 
represented in Ji^. 217. It 
Fig. 217. consists of a long rectangular 

■ ■ "" boi AB, divided by a non-con- 

ducting partitiunciJ length IV ise 
parallel cells. To 
: insulation perfect it 
is advisable to wash these com. 
partmentsoverwithathictBolutionof shell-iac. Connect one 
ofthcino with the positine.Mid the other t with the negative 
pole uf a common baiiery ; place a copper wire coirered oier 
withsilke/jJonthemercury as a dicu I sting conductor, this 
wire must be so bent that it may reach from one cell over into 
the other : its two horiionlal arms will therefore run one in 
each of the cells parallel to the partition, the ends of then 
arms are slightly bent downwards, and Ihus the battery is set 
,in action. Al the moment when the circuit is completed, the 
floating conductor may be seen to move forward on the sur- 
face of the quicksilver from the poles a and h. 



. § 5S2. 

If trnj died currents of equal inteuHties flow dose together 
and parallel to each other but In opposite directions, as in fy. 
ai8 A. then their combined influence on a current moving freely 
is nil, th&t is, they eiactly neulraliie each glher. The same hap- 
petia when one current circulate* round the other in the manner 
represented in jij). 2 1 8. B. 
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Expl. Th«tnithof theprecedlngremarksmay 
be tested b; sending a current along copper wires, 
bent In the farm shown in Jig. StS. A and B, 
tailing care in bending the wire that no two 




^...u... ^^1 be eieited o 

rill b« Eeen that the at 
altered. 



uctoT, and place the 
of Ihe aboie-umed 
:he free current. It 
>n of the Utter con- 



-•-"O**' 



the Utter will act attractiTel; on one aide of oA <by §550.), 
. id repulaively on the other. If the current, a h flow from tp e, 
a;<in/^.219a., then its farce will be exerted from w and e on 
the point n of the moyeable conductor, us shown hy the arrows 
■ xandnji. These furcea will give nr aa their resultanl, whence 
the current a b will manifest a teodencj to move in the directioD 
of the died current. If, on Che other band, the moveahle current. 
ab flow towards the flied one wi, ns in /jr. 219 b. then Ihe 

Fig.i\Sb. 



resultant n r ' 

ab will show n »....i; 

of the stable current 



opposite direction, and the free current 
sndencf to move iu a direction opposite to that 
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law of atlnctian and repulsion tbe robtory motira of 
enl3 about each other depends. For instance, if the 
,e {Jig. 320a.) b« a horizoalal circular current, then 



tbe free current a 6, which flows out from it, will revoNe m the 
nme direction with id ■ ; but i( ba flow towards a e, as in 
Jig. 220 *. then the direction of its current will be oppomte to 
that of tee. Again, If a A (Jig. SSI.), be a rertUinear euneni. 
Fig. 821, 




capable o. rerolring about the centre of the dreulsr current, 

current, when the current ab runs from the ciicumfereDce towards 
the centre, as it does in Jig. 231. A ; but if it be transmitted from 
the centre towards the clrcumfeience, nab(Jlp.SSl. B), then it 
will terolve in a direction opposite to that of the circular current. 
In like manner, but in a lower 
degree, there will be a retain of 
the current, ab (fy. 392.), If a 
rectilinear current £. W., be trans. 
mitted near to it. at will in thiscase 
run, OB is indicated bj tbe arrows, in a 
direction parallel and similar to E.W., 
the currents will therefore attract each 
other, and b will be carried ut b', on 
arriTing at this point, a ^ is repelled 
b; E. N. and is attracted b; N. W. i the 
free conductor a 




Mfi « 






a02 TINE 

thii point, repulsion ensues 1)et 
eurrenu fr" a >nd E.W. ; on arilv 

roUti'oD. irthe stable unlimited current E.W. run from E. to W, 
and the free current be to the N. of the other, then, as the curved 

the E. through the S. to the W. and eo od, like the hands of a 

There ia a great variety in the apparatus nhich has been 
constructed to glie this rotatory movement to a moveable 
conductor by means of an unlimited rectilinear or circular 
current: we shall now proceed to describe only a few of the 
best and simplest specimens. 

Firii Expt. RatatUm oft vertical current about a hBritmtal 
cireuiar currenl. — Fip. 22S. represents Pineau's slinple appa-. 




ratus. It consists of an amalgamated zinc cyliniler ZZ, on 
vhich is soldered a stem Z C of copper irire, carrying on ila 
summit a small mercury cup C. The base of the cup should 
be of agate to diminish friction j on it rests a tbiu copper 
wire iabk, supported by a steel point p, this frame carriea 
a copper zone. The zinc cylinder with this rotating con- 
ductor is placed in a glass of water and sulphuric acid. 
The wholes thus arranged, constitutes » simple hydro -electric 
battery, in which the current is transmitted from the zinc 
cylinder through the liquid conductor to the ring of copper, 
thence to the two arms of the bent copper frame, as shown 
by the arrows, and pasung through the steel point p, it 
returns again into the zinc cylinder. 

Now lay on the upper edge of the glass the coil M, which is 
made to fit it exactly; join its ends ( + — ) with the poles of 
a constant battery, and the current which ascends verticalW 
will revolve in (he same direction as the current that passes 
through the coils of wire. 

Substitute a copper cylinder for the line one Z, and an 
anialgaraated lini: ring for the copper one ; the curtent will 
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flov down the arms ak,bt, aad the direction in vhich tbe 
apparatus revoWes will be reversed, 

Seantd Expt. Hotalion of a noueobfe hoFamialrvtrtia about 
Ite cnfrc of a circular eurmt. — The apparaim described in 
the preceding experiment will do to perform this alio ; tbe 
only alteration required will be to give the linc or copper 

may radiate horliontallf eiiher trom or to the coil of wire; 
this is shown by the arrows in /ij. 223, N ; the direcllon In 
which the rotation will happen depends on whether tbe 
current Sons from or to the coil. 

powerful and lasting current than the simple battery we 
have just descrihed is capable of generatinj^i then comtnne 
tbe apparatus on the principle of a Daniell's or a Grove's 
constant battery, by separating the electro-motive metals by 
means of a porous earthenware cell, which should be inserted 
in the glass icssel, and then add the appropriate liquids to 
act upon the metals. 

Third Expt. Ralalim of the fluid conductor abovt a tU- 
nlarciiTrenl.—Tbe fluid conductor, may be made to take 
the place of the solid. 1. 1., if we haie no metallic conductor 
such as wai described in tbe preceding eiperiments, then 
the liquid itself will begin to revolve. The same apparatus 
will do in this case also, only substituting for tlie moveable 
copper ring (^(f. 2^3.) an open cylinder of the same metal, 
which fits into the glass vessel. Fill it with any suitable 
fluid (a mixture of liquid sal ammonia and muriatic acid is 
what Fectaner recommends; and to increase siill more the 
intensity of the current, a solution of sal ammonia may be 
allowed to dry on the copper cylinder) and the current will 
pass from the zJine cylinder to the capper ring, i. e., it will 
radiate from the centre to tbe circumference. Now surround 
the glass with the coil of wire M. whoso ends are to be con- 
necUd with the poles oFa simple battery; on connecting the 
battery the fluid will revolve agreeably to the Ihws with 
e already acquainted. Its rotation will be still 



mora evidently shown by placing small flo 


ating bodies on 


the surface of the liquid. 






-nt by the action 


af a ™™k of vnHvatcd Icgth. — This phe 


nomenon is ob- 


sertable on bringing any rectilinear condu 


otor, e.g., one 


ude of the galvanometer frame (fiff. 2tT.) t 


the horizontal 


current of the secfind experiment 




Fifth Expt. RMalion of a drc-ukr currtmt 


ij, tht adim of 



Fig. 324. reprewnta the apparatui : c c ii ■ cyliDdricat vessel 
of copper or bras*, whose bottom a loated over with some 
(arnuta to Insulate it, and which 
Fig. S94. ilaiids ia a ravitj turned in the 

«^^ wooden stand A B. Id tbecen* 

^■CTTIL tra r of this board itaoda a tct- 

]r ll [ tioal capper stem, furuisbed at 

irJ^Mlnl^ top with a quicksilver cup 9; 

Jlfl^^nHj^^k fivm r goes a strip of capper let 
G^3^8||I^BBv into the wood and terminaUng 
Z^^P^j^^^^^pa atfi in a binding-screw ; on the 
^^JUJI^^^ outer side of the copper vessel 
f^A there is also a iLinilaT bindiog- 

r^L screw m. The moveable con- 

f^^^J ductor consists of a fine strip of 

dki^^^S^ copper abdc, open between a c, 

• cBS^^ where it is joined by inserung 

some bad conductor, sucb as ■ ' 
piece of horn. The atrip n, likewise in the copper frame- 
work 1 1 H, consists of some bad conductor ; the ring turns 
about the axis 9 r on the point s» which works in the cup q. 
To set the apparatus in action pour sulphurio acid and 
water as the conducting raedluin, into the cjlindiical vessel, 
connect tbe screws p and t» with the poles of a simple con- 
stant battery- Now, when tbe current is generated at /J, aa 
indicated by the arrows in the fy., it ascends the ooluinn 
rq, descends the leg I of the fiame, and runs round the 
copper band in the direction from a to b 10 ij to c. But 
streams eie emitted from all points of the band, as a x, c y, 
ia a radiating direction, through the fluid conductor to the 
circumference of the brasL These partial currents in the 
fluid niay be considered as stable with regard to the move- 
able copper ring, which in this cane will rotate in the direc- 
tion abdc, like the band of a watch. To give to it the 
oppoute course, tbe arm I of the frame must be bstened al 
c to the rim of copper, as shown in thejf;. R. 

§554. 

If we concdva of a wire being coiled round as a helii, see 
fig. 225., and that within this spiral the wire is carried hack 
■gain in a right line, we sbsll have to distinguis): ' "' 
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advances from aU> b; on arriTing at b U returns inude the spiral 
Irom b to c along (lie strali^ht part of (he conducting vire. The 
eHbcl of (he current io the direction from a to i will necessarily 

length in § 552.), bo that only that effect will remain which it 
acquires in revohing lUjout cb. A linear Bsries of such circular 
currents, vhich may be considered as being at right angles to 

Krew, an electro -dynamical cyhnder, or, according to AmperCt a 
soltnoid. 

For brnity's sake, as well as for (he other applications of 
these spirals, bj the end 8. will always b« lUeant the South 
Pole, when the circular current runs from left to right or in 
the same direction as the hand of a clock ; and the other N., 
in vtiich the circular current Bows in the opposite way, i,e., 
from right to lelt, will stand for the North Pole. 
If a solenoid mo>e freely i(i a horizontal plane, and a recti- 
linear current be transmitted either above or below it in the 
direction of its aiis, then, by § 550. it will take such a position 
that those portions of its own horiiontal current which are 

latter. Accordingly, if the solenoid be so placed that its axis S.N. 
lies in the magnetic meridian, it will be seen that if a rectilinear 
conductor be put into those diflerent positiona abo<e or below it, 
into which it might be set with regard to the polar direction of 
a variation needle, the deflections will answer exactly to those of 
a magnetic needle thus acted on. (See § 546. ) 

FirtI Expt. Hang the toiataidfig. aas. in an Ampire'a 
frame and conduct a current through it, whilst either the 





Fig. 226. verses (he rec( 


linear conductor 




3* 


E W placed beneath it ; then 




tf 


whatever the 


position of the 




Jr 


latter, the ail 


S. N. of the 




Ig^ 


former will always be at right 






Pgffi^ anglestoE.W 


1 BO that the ho- 






S^~ rizontal curren 


U in the lower 






" part of a N. 


Bow in the same 


direction 


as (he current in E.W. 




SeamdExpt. 




fig. S27. 


with a 


De la Rive's float, and 








strongly acidulated liq 




Fig. 


237. 


current above it in the 


direction of its 




yss^^ 


aiis, and the spiral will 


revolve 50 as to 




take with regard to the 




^H 


"T" 


rent the position laid do 


vn in the law. 






To render still more 


ntelligible what 
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has been laid in the preceding paragraphs, as indeed what 

will be adTanctd in the neit 

Fis- S28. Chspttir too, the studenl may per- 

©/^^ baps find it useful to murk on two 
^ wooden cylinders the direction of 
fT^mr^m^ „ the circular currents, as it is done 
(.^jilillaHiiP " >n j^jr, 22s. by the arro.i'a. 



C. lafiutnct of Magneti m Etatric CarrenU. 



As an electric current deflects the needle fironi ils polar posi- 
tion, so does a magnet deflect a raoieable eotidoefor through 
which a current flows. If we imagine the magnet to be Gied 
and the current rotatory and situated between the magnet and 
the observer, it iciU alaagi lake aith respeet to the axil of Iht 
iHOjinef tuch a rtcliaigular pmitioH thai its norli pclc wiU lit to the 
left of the line exprtuing the direction of the current. 

Tlie different positions which the direction o( the current 
can occupy with respect to the ails of the magnet are the fol- 
lowing;- 



1.) If the current go from n 


rch to south, or inversely Mob 


the aiis of the magnet, then in 


jther case it will so place itself 


as to flow H-om E. to W. 




2.) But, if the current flow f 


om S. to N., or inversely otoM 


the atis of the magnet, the direc 


lion of the current will always 


be from W, to E. 





S.) Tfa current flow Irom E. to W. under a bar roagnet lying 
in the magnetic meridian, its position will not be altered by tlie 
magnet; but if it flow from W. to E. it will be turned round 
by the magnet, so as to come into the direction from E. to W. 
The converse phenomena obtain if the current be Iranamilted 
above the magnet. 

Firit Expt. To exhibit tlie motions of a current flowing 
under a bar magnet the simplest way is to use the floating 
current represented iafig. 20S., and place oier it a power- 
ful bar-magnet, or one leg of a horse-shoe magnet, in the 

Setond Expt To generate the movements in a current 
situated above a bar magnet, it will be best to suspend the 
conductor ia an Ampere's frame, ^y. 313,, and then to place 
the magnet under it. 
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§556. 

Tbe very same efTects are otitainedifR solenoid be used instead 
of a bar magnet: henee it appears that the moveable current 
always takes that position in which its direction is the same aa 
that of the circular current iu the spiral whicb is turned to- 

Bring a ruagnet near to a moveable electro-dynaniLC spiral^ and 
the latter will be acted on Just like a dec1ina(ion needle ; for tbe 
magnet will attract unlike poles of the spiral, and repel like 

Ex]/t This may be verified eitlier by bringing the poles 
of a magnet near to the floating solenoid, Jii/. £37. or to a 
solenoid suspended in Ampere's frame. 

The wooden cylinders described at tbe end of § 554. will 
Bssiat the reader to comprehend the above remarLs more 

§557. 

Ampere, reasoning from tbe phenomena of the mutual action 
of magnets and of electric currents, has framed bis important 
hypothesis to which we referred very briefly in § 548. U is this, 
that tvery electro- dynamic tpiral may be regarded as a magnel, wtd 
tusry tHojrart in tlit exirtion afilt infiuenee reiaiiblet lucA a ipiral; 

plana perpendicidar lo lAt axii, or at Itutt in pimes rerg nearfy 
perpendicular to it, and that on thae electric cunentg ail the ao caUtd 
ntopnrfic inflaenca depend. 

If a magnet be placed in its polar position, i. e., with its north 
pole towards tbe N., and its south pole towards the 8., these 
currents must necessarily go on the upper side &om W. to E., 
downwards on the eastern side, on the under side from £. to W,, 
and upwards on the western side) in fine, tbe currents round 
magnets must be assumed to be opposite to the apparent daily 
path of the sun round the earth, if the action of electric curr^u 
on tliem is to answer to the law which regulates the action of the 

According to this hypothesis, all the mutual action of magnets 
and electric currents (Oersted's fundamental eiperiments, § 546. 
and the phenomena described in the preceding sections) are expli- 
cable, according to Ampere's law of the influence of electric 
currents on each other (§§ 549,^453.); in like manner we can 
salis&ccorily erplaln why the slioilar poles of two contiguous 
■nagueti should repel each other, ind why diasimiUr shoiild 
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808 Avra 

attnuit. Let the two circles, fig. 229. A, repreGent the south 
polea of two contiguous mugneu, and it is deal' that the electric 
currents, which arc supposed to exist in the magnetSt flow in 
contrary directions at the siites Vhere the poles are next each other, 
tbejr therefore are repulsive, § 549. But if a north pole be next 

contiguous poles the currents floir in the same directioD, wid 
that they consequently attract each other. 

This is seen if the poles of two mag- 
F)g. 329. nets, or, hetter still, if the ends nf the 

^^^ wooden cylinders already tuentionod, be 

,^^^- fr~-^ placed together. 

iWUCvI .■ Wen,ustreu.arl.thatinthe^plana. 
^^^ \z^ '^°" J"*^^ g'*en, whatever the l>ody we 
.f^ ^ ^-^ con^kider as a magnet, the result of its 

Oi'/'^t action can only be elerfed eiternally. 
II " ;J Since, howe-cr, eyery magnet shows a 
»^ 'W in"-i'ar energy, even in its smallest par. 

bipolar magnet (§ 437.), it has been fijrther assumed that, 
even the minutest particles of such a body are equally sur- 
rounded by an electric current, which completely encircling 
it returns into itself. Accortling to this Iheuty, we may 
"verse vertical section of a magnet to be 
represented in fig. S30. The elementary 
currents of each magnetic molecule, as 
represented in the small circles contained 
in the section, ivill form one circle, which 
equally embraces the outer surface, and 
is, in tact, the resullanl of all the forces ; 
such a combined action may IberelbTe be 
considered as a system of parallel cui^ 

rents, such as ia represented '\afig. 228. 

This extremely ingenious theory, which 

nugnetic phenomena, is not, after all, quite free from objec- 
tion, as the permanenct of electrical currents in magnetE, 
which is a postulate required by the theory, is not recon- 
cilable with the general relations of conductors of elec* 
tricitj, to which class of substances those metals belong 
which are capable of being magnetized : and again, we are 
acquainted with no instance of the independent permanence 
of these currents apart from electro-motive influence. Henoe 
mauy philosophers reject this theory as to the nature of 
magnetism, especially as there are so many phenomena 
which seem to Eivour the ejiisience of separate magnetic 
fluids, and which therefore admit of no aatiabclory iolutwii ■ 
Bcoording to this recent hypothesis. 



® 



§558. 

We know, b; § 553. under wbat circumstances a finite tDObi\t 
conductor will be put into a state of progressiie or rotary 
mouon, by the action of a stable and unlimited current, or of a 
circular current, upon i(. Sine* now, by Ampere's llieorj every 
magnet is B body surrounded by electric mrrents, it follows, if 
bis hypothesis be correct, that ^milar movements will ensue from 
the mutual action of electric currents and magnets on each other, 
and in fact under the circumstances named above, the corre- 
,aponding moveroenls do take place, both when a moieahle con- 
ductor is acted on by a fixed magnet, and when a moveable 
magnet is acted on by the current which ptuses through a fined 

Out of a great number of experiments of this class, we shall 
select only a few of the most interesting, from which it will be 
seen how &r Ampere's hypothesis supplies a complete and satis. 
^tory eiplajistiun of all the different electro-magnetic pheno- 

Firil Eipt. Atiraciim and repuhive itiftstnct of a niagr<tt 
OB a conductor numng ftidij. — According to Aniplre'e 
theory, a rectilinear conductor will be attracted by a magnet 
if tbe current fiow in the same direction as tbe hypothetical 
current in that side of the magnet which is nearest to it ; 
but repulsion ensues if tbe moveable current bave the 

If the moveable conductor be circular, it will be attracted 
by the pole of the magnet, which is made to approach it, if 
the current supposed to exist in the latter move in the same 
direction ; but if ii move in the contrary direction, it will be 
repelled. 

De la Rive's floating currents are best adapted to verily 
this. — Bring the N. pole of a magnet near the current < t. 
Jig. 206. when this Hows from left to right, so that the cur- 
rent may pass over it, and it will fiow towards the S. pole 
of the magnet; if the S. pole be presented toit in like 

current will be repelled. — These n 
will be exactly reversed if tbe 
Fig. 231 0. 
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206. and if the positioo ind course of the ouirenta be 
u is repieaented in the diagram, it vill be Bttracud in 
the same manner u the rectilinear conduclor, when the 
N. pole of the magnet ia presented to it, and il will be repelled 
when the S. pole is brought near. 

Seeoini Expt. Faraday'i Rotatory Apparattit for a etrtical 
curraa about the pole of a fixed magna, ami for the poll of a 



apparatus. A sufficiently 
stout copper wire df is 
fastened ui the upright. 
columnof woodj. From 
the end f, which termi- 
nates in a hook, there 
hangs a line platinum 




rcurji 






pended by a 

that it has perTeetlf free motion ; the platinum wire e, on 
the eontraiy, is soldered to d, and descends vertically to the 
wooden cup a of mercury. In the centre of the lessei b is 
the vertical bor-magnel n, a magnetiied scwiug-needle will 
answer the purpose, lastened into a copper tube, which goes 
through the bottom of the vessel. A small glass 1>ead p ia 
filed to the end of the wire h. that it may not come in con- 
tact with the magnet. At the bottom of the cup a is a 
magnetized sewing-needle m, attached by a fine thread of 
pladnum, btit still with room to play ; by means of a small 
spiral of platinum wire, which can be pushed od to il, this 
needle may be made to swim vertically in the mercury. 
The apparatus is connected with the poles of a constant 
battery by the binding-screws c and i, from which copper 

Whan the battery is thus set in action, the current circulates 
through the conductors as represented in the fig. by the 
arrows, and the north poles of both the magnets are turned 
upwards! the moteable conduclor A therefore revolves about 
the pole n of that magnet in the same direction as the hands 
of a watch, whilst tlie pole of the magnet m turns in a con- 
trary direction around the Gied conductor e Reverse the 

direction of the current, or place the S. poles of the magnets 
uppermost instead of their N. poles, and the rotations will 
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ies.^ projecting 

itie Loirer ena or tnis vire is soiaerea laia s copper plate 
which is connected with the bin ding- sere wi. In the upper 
end of the tube is inserted a copper ring b dt whicb is con- 
nected liom d eiternatly with the otlier bitiding-screw. The 
glass tube is then filled with mercury up to the ring, and 
the little bar-magnet i n, rounded oS" at both ends, is im- 
mersed in it till it touches the iron pin e. One half of the 
magnet will therefore rise abose the level of the mercury, in 
which, as it touches the iron a.t a. single point, it will have a 
perfectly free motion around ila own ajis. Neil conneet 
the binding-screws with the poles of a powerful constant 
battery, and the magnet wilt begin to turn about its axis. — 
If the current proceed, as it is represented in the figure, 
ftom the copper ring if i to the magnet, its rotation -will 

it. Reverse the direction of the current, so that it may pro- 
ceed fnim the magnet to the copper 'ing, and the magnet 
will turn in the contrary direction lo the eurrents which en- 
circle it. From Ampere's U« about the action of electric 
currents on each other (g 53».), we should have inferred 
tiiat these must be the directions taken. Se« also fgi. ^3S 
a. and b. 

Foartk Expt. Schteeigger's rotataty apparatia, in icA.cA 

koriiontal currenti lenl through the pole af a magnrl iinpaM In 

it a ciraiiir moUoa. — In fy. 23*. jf A is a section of a 

wooden plane in which a: 

Fig. 334, circular trough ( ( is cut lo 

_^ contain quicksilier. Throus-h 

the centre of the ptate the 

copper wire id passes, the ex- 

nity of which is fiimished 

with a steel point. On this. 

point a copper needle n a 
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rc^ts, its length is about four inches, and in Ihe middie it is 
furnished with ft cap e : one ead of the needle, which is of 
platinum, is so bent as to be immersed in the mercury ; aa 
a counCerpaise, a little weight n is attached to-the other end 
□f the needle. Connect the screw c, which communicates 
with the mercury, with the positive pole of ■ conslant bat- 
tery, and the screw z, which communicates with the copper 
wire a, with its negative pole; on estahhshing contact, the 
current will flow from a to e through the needle. Slip a 
bar magnet S. N. under the plate aboie which the moveable 
conductor turns, and if S, be the magnet's south pole, r a 
will turn from £. through 8. to W. and N. Place the north 
pole of the magnet under the conductor, and its direction 
will be reversed ; i. e., an oppoMte direction will be imparted 
to the current. 

Two needles which are traversed in an oppOMte direction 
by a current, if acted on by the same pole of a magnel. re- 
volve in coutrary directions. Fig. 335. is an apparatus for 

showing this : a & is a section 
Fig. S3S. of a circular plate of wood, 

having a hole drilled through 
* the middle, in order to thrust 

the pole of a magnet through. 

Concentric with this hole are 




needles are balanced, in the same manner as has been di 
described in the preceding eiperimenl, above the centre of 
these grCN>ves on the steel point of the copper wire oicdc/. 
The ends of these needles are capped with platinum points, 
which ate immersed in the fluids contuned in the grooves. 
Now connect the two screws it and i with the poles of a 
hydro-eleqtric battery ; if tbe current enter at h, it will tra- 
verse the whole length of the wires in the direction shown 
by the arrows. Compare this direction with that in which 
the hypothetical current is supposed to go round the S. pole 
of the magnet, and it will readily be seen from the law so 
repeatedly referred to, in what way each of the needles must 
turn, Bod that they will revolve in exactly opposite direc- 
tions A change in the direction of the current, or a sub- 
stitution of the north pote of the magnet for the south, will 
reverse the rutation of the needles. 

Fijlli ExpL Ampere' t apforatiia to effect tht rolatim of the 
eitetTomotora nj a limple Agdro-tiedric battery atovt the axil of 
a moonet. — On the two poles of a horse-shoe magnet, 
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le conducting 



fig. £3G.> pUee two cylindrical copper v^sels. Ftoce the 
steel point of an amatgiiniated 
Fig. 236. lioc ring (like that given on a 

larger sesle in fig. 223. N.), an 
vhich ia Boldered a light copper 
handle int« th» cup 4, vhich is 
connected with the copper bucket. 
Into this bucket pour a mixture 
of I part sulphuric acid to 4 or 6 
of water, and the current will 
pass in this simple battery from 
the copper cylinder to the 2inc 
ring ; for it will run &om its point 
of rotation t, in the horizontal 
part of the copper handle which 
acts as a conductor, eccentrically 
to d and hi thence it descends in 
the parts of the conductor parallel 
om the lino ring through 
. whilst the currents which 
8 of the magnet, flow boriiontally. 
The moieable conductor revoWes, therefore, about the N. 
pole from K through M. to W. ; that about the S. pole from 
W. through N. to E. They, tberefbre, turn in directions 
opposite to each other and to the currents of the magnet. 

Instead of the copper vessel use a similar one of zinc and 
for the raoTeahle linc ring substitute one of copper, one of 
thin platinum will do belter still, and the current will ascend 
those parts of the conductor, or handle of the bucket, which 
are parallel to the aiis of the magnet and the rotation will 
take place in the same direction u that in which the cur- 
rents flow around the magnet. 

If tbe oylindrical vessels be large enough when laid on the 
pole of the magnet to move freely round it. and if they also 
are maj^ 10 rest on the poles upon steel points, they will 
revolve too, that is, if the magnet be a sufficiently powerful 
one; and (br reasons with which we are already wd I ac- 
quainted, their rotation will be contrary to that of the rings. 
Sixlh Expt, Barlow's Totaiing tnhttl bttaetn Ihe po&t 
of a /utrte^hot magTitt. — A. light wheel of thin copper 
Ft 237 notched tike a star, runs on 

which rests in the sockets of 
a fork Q 6 of copper wire, the 
wheel may bs about 3 or 3j 
inches in diameter, Underthe 
wheel is a groove g in the 
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1 ■AKLOW'S WBIIL. — FECmrEK'* SOTATIHS n 

board W. E^ into which so much quicktilvet ta to be poured 
thai the pointa of the wheel may just touch it; c and i ore 
tnnding-scien's. the former connected with the forked conduc- 
tor aod the latter with the mercury. ConnECl the apparatus 
with the poiei of a powerful conitaot batterj, the current 
will be carried through the wheel which will begin to ie»ol»e 
as soon as the poles of a large liorse-ahoe magnet are placed 
near it in either a horixontal or a vertical position, so thai the 
wheel dull stand between the arms of the ma^cc The di- 
rection in which the wheel turns dependsf according to llie 
law alreadj referred to k> often, on whether the current in 
running from the centre of the whe^ to its circiimference, or 
CODTcraely, follows the direction, of the current* that en- 
circle the pole of the magnet, or not. If the wheel Etand, as 
is anumed in Jig. S3T., E. and W. the arms of the magnet 
will hare the same position too, and the N. pole of the mag- 
net willjie N. of the wheel, and the S. pole S. ; if the current 
enter at c, it will advance, as the arrow shows, along the fork 
to the wheel, ^na the centrq of which it passes to the mer- 
cury, and from the direction of the magnetic currents it is 
clear, that with this arrangement of the apparatus, the wheel 
will turn in the same way as the hand of a clock. We uaj 
easily determine in what direction the wheel will revolve if 
the direction of the current, or the position of the poles of 
the magnet, be reversed ; it will much fecilitate the cal- 
culalioD if Hie direction of the current be marked on the 
poles of the magnet, or if a wooden model of a magnet be 
eiHistructed, and the hypothetical currenta are marked upon 
it, ih the same manner as on the wooden cylinders described 
in g 554. and represented in fy. SSe. 

Smmih Sxpl. Setatioii of the fiiad eemduetor of a lim- 
fit, battery aUiitt tit paUi of a magnel. — The fluid con- 
ductor of a simple battery may b« nude to circulate by 
either pole of a magnet, in the same manner as by a circular 
current (see Third Expt., § 553.). Fig. 2^8. represents 
rw 238 Fechner's apparatus by which to per- 

'' ' form this eiperiment, A being a ver- 

it czz c is a circular copper vessel, 
over it) inner cylinder which fits on 
the pole of a horse-shoe magnet, is 
pushed a ring of amalgamated linc 1 1. 
Pour into the vessel a mixture of 

sitive electricity will be discharged 
from the zinc ring through the fluid to 
the copper, as is shown by the arrowa 



# 
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in B ; and if the vessel be fitted on the |h^ ot a horse-shoe 
Diagnet, tbe fluid will re<olve in the same direction as the 
hypotheticBl current* in tbe pole of the magnet. 

Eigklh Etpt. SntaiioH of a Ihtrmo-tltetric airrtnt b€- 
taten ' the poUi of a magiut, — A thermo-eleclrio current 
moveable about a vertical ails, if subjected to the influence 
of the two poles of a horse- shoe magnet, obeys preciielji tbe 
same laws as a hydro-electnc current in its rotation ; an ad- 
£^nal proof this of tbe identity of eleclricily obtained from 

Gumming and Marsh, in leril^ing the accuracy of this 
assertion, used the Ebllowing ^mple thermo-electric battery ; 
— Two therraobatteriea of a square form, and crossing each 
other at right angles formed a moveable conductor ; the bat- 
teries consisted of a conabinatioo ofplatinum and silver wires; 
fig, 2S9. represents this thermo-electtie 
Fig. 339. cross. In each of the rectangles one half 
g abed and efg A is of platinum, and the 

othei]ia1fdAi*.i'Ini>iofsilver. lleends 
of the wires are soldered at a, i, i, n, into a 
ring of silver wire ; in their upper point 
of intersection >f is a fine steel wire which 
rests on t^e agate cup n, at the top of the 
Upright stem op; tbe whole apparatus can 
tbereifore be made to turn with the great- 
esteaseabout theverlical uiBif p. About 
S inches below tbe. ring stands a small cup 
p, containing a little cotton and spirit of 
wine. Tbe battery llius arranged is to 
be set between the poles of a poweiiiil 
hotse-shoe magnet, so that the vertical 
part of the wires shall be aiwut J of an inch Irom the mag- 
net. Light tbe spirit, and when tbe junctions of hetero- 
geneous metals at a and e become heated, tbe electric 
current will run through tbe two batteries in the direction 
indicated by the' arrows in the fy., and the poles oT the 
magnet acting on it will cause it to revolve. In the position 
of tbe poles depicted in tbe diagram, the thermo-electric 
current will pass from left to right. ■'■ i., from E. through 'S. 
toW. 



Tbe influence of electrical currents on each other, and the 
reciprocal ac^on of such currents and magnets on each other, 
varies with their distances, Biot, Savart, and Schmidt finind 
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eiperitnenMlly, that Ihi infiaaice of a conductor on a magnetic 
Meedlt liiaim'sAn in tlu inreria ratio of Vie distance, aod I^place 
proved mathematicoJIj that the force anneerittff to each particular 
potttt of the current is invrrtrhf as the square of its distance from 

trical cuirentB on each other, and in that of currents upon 

cutrenU, we have invari^ly found action and re-action to be 

equal and opposite in ait the cuses that hsve an ;et come uader 

our notice, we nui; thereToie infer tbat the law holds good in all 

cs«e« of the mutui actionof theae forces; it will be readily seen 

that this is the same law as that b; which the radiant action of 

the magnetic and electric forces is regulated. (§§ 440. and 475.) 

Biot and Savart ascertained the influence of an electric 

conductor on a magnetic needle to be what is stated above, 

by allowing it to act on the needle at different distances, and 

so causing^ it to oscillate. From the number of oscitlations 

Tnade in equal times they deduced the resuit just as in the 

oscillations of a pendulum, and in the delermining of the 

intensity of magnetic forces. 



As we bave already shown that electric currents exert a direct- 
ing influence on magnets having free motion, and that magnets 
eiert a corresponding influence on electric currents having free 
motion, it was natural to eipeet that terrestrial magnetism would 
operate similarly on electric currents. This has actually been 
proved to be the case, and so &t as observatioo has yet shown, 
the influence of this ibrce may acconUng to Eisenlohr be 
expressed in general lerms thus : — Terrestrial moffTUtism ads on 
.electric currents Just as if the entire ffbbe were enarcled with elettrie 
CUTTeMifrom E.to W. in lines parallel to the equator, the reauitatUof 
all these currents being represented by the one current in the magn^ic 
equator^ 

The causes have not yet been exactly proved which generate the 
current whose existence is thus assumed, the direction in which 
it is supposed to flow is the same as that in which the sun appears 
to move round the earth, ajid in which the progressive warming 
of the earth's sur&ce takes place. Since now it has been proved 
that electrical currents generated by heat, eiert precisely the 
■ame influence on magnetized needles as those caused by Vollaism, 
it has been inferred that the thermal action of the sun is the gen- 
erating and maintaining cause of these currents, (Compare § 
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A rectaDgular conductor tunung ireely about m vertical axU will 
alirays stand perpetkdicularly to tbe magnetic meridian if acted 
oQ soiel}' by tbe earth's magnetism i in this position of the rect- 
angle the current in its under surface will flow &am £. to W., 
i. e., in the aame dbection la the current of terrestrial magnetiim 
is supposed to flow in ; this will be seen to agree with the action 
of electrical currenti on each otber as desciibed in §§ 549. 

Expi, A floating condaetor bent In the shape of fy. 
231 a. and b. will take the position E. and W. if the cur- 
rent excited bf' the fluid in which its single batterj is 
immersed, tie sufficiently powerful to turn round the floating 
disc of cork. 

This position of a moreable conductor is obtained with 
greatest certainty if a rectangular conductor like fig. 214 a. 
or a circular one like Jig, 214 b. be suspended in an 
Ampere's frame, fig. SOB^ and a powerfiil current is con- 
ducted through it. 

If on the contrary, the form of a double rectangle be given 
to sucb a conductor as fig. 313. so that the current must 
moye along it in the direction shown by the arrows, then it 
will not be made to turn in any position by the force of 

both yerticallj and horiionWJIy ; care must of course be 
taken that the wire is insulated at X, where it crosses. This 
ixttatic cottditctOT, as it is called, which is one of Ampere's in- 
ventions, very much resembles an astatic needle (§ 538.), 
and is of essential use in the experiments described in §S 549. 
and 550., in which the absolute influence of one electric cur- 
rent on another is to be measured. 



§ 563. 

If a rectangular conductor, move freely about an axis passing 
through tbe middle of its longer side and through its centre ^ 
graiity, and fiirther if this axis of rotation cut the magnetic 
meridi&n at right angles, then the conductor, which was at first 
peqiendicular, acquires such a slanting position, that tbe plane 
in wbich the current mores cuts the plane of the needle's dip at 
tbe place of observati(Hi at right angles (§ 445.). Hence it 
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apijea.-j that the part of ih 


e current which inclines towards the 


teitenrial equator flows ftom E. to W. whilst thst which b 


turned tnwBrds the pole runs from W. to E., or in other words. 


that the current as a whole (akes such a positiou as the current 


supposed to eiist io a dipping-needle has about its ajis. 


Eipt. Such an eltctrieal dipping-needle or incllna- 


torinm, may be constructed thus, according to Eisenlohr 


fg.S4a. Procure a light »-oodcii 


Fig. 240. frame, oicrf which is provided 




'jS^ ^0 "'"'" '"^''*' '* '^" """ ™'''''" 






silk several times about the 


illy i/" 


f tnme in the direcdou a fr c d, and 




f let one end haye a metallic con- 


•=^^^-^_?S^^ 


nr? nection with thetmonioDo. and 
W the other with that at a. These 



low to be laid on 

widened out into little stages r and (, and are highl; 
polished ; the centre of gravity of the apparatus is to be so 
arranged that the frame may take a horiiontal position. Now 
place the whole so that the aiis of rotation may stand per- 
pendicularly lo the magnetic meridian, and connect the 
binding-screws p and m, with the poles of a powerful con- 
stant battery, as soon as the current begins to flow through 
the wire, the frame will take the position represented in the 
fig. To mark the position of the dipping-needle, a card- 
board needle in may be Gied in the middle of the Frame, so 
as to intersect the plane of the former at right angles. 

A similar result will be obtained 
F^g. 241. with a common wire conductor. Jig. 

and placed with 









stages of Jig. 240. if a sufficiently 






t of t! 



It through it 



BE difficult to insure that these 
oveabla conductors shall lake their 
primer position. If the experiment described aboiedoesaot 
fully answer, the failure is hi be ascribed to theeiceuof 
friction, the same remark holds good with regard ti> several 
of (he preceding eipetimeiil'i. 
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THI SOLIHOUI, AH 



5 563. 

Ereif solenoid poneiaing lolerablf free motion md througli 

which a powerfiil electrical cuTi«it ia sent, will (in consequence 
of the influence the eartli'a magnetiani exerts upon it) take such a 
poMtion that the circular cuirents which run downward* will 
flow rrorei E. to W., and those od the E. side will run upwards, 
its north pole will consequenll)' point towards the N. (see § 
554.), and its south pole towards the a 

Expl, To show eiperimenlally that a solenoid has a 
tendency to acquire the polar position just spoken of, and 
to Vest in it, hang one, jig. 326., in an Ampere's irame in 
such a manner that its poles may stand £. and W. When 
in this position send through ii a pretty strong current, it 
will begin to turn, and, after a few AuctuslioDS, it will settle 
' down in tlie polar position. 

The same result is ohtained if the floating aoleooid be 
used,.^^. 227., onl<p the electric current must be strong enough 
to oYcroome the resistance of the fluid to the motion of the 
apparatus. 
In lite manner a solenoid capable of revoWing about a hori- 
zontal axis passing through its centre of gravity and at right 
angles to the plane of the magnetic meridian, will necessarily take 
a position coinciding with that of the dipping-needle, because the. 
whole of the currents circulating in it are at right angles to this 
direction ; they tbeiefiire as a whole, coincide with the position 
which each single current tskes. The greatest practical diffi- 
culty consists in so constructing a solenoid, that it may have the 
perfectly free and eaay motion that is indispensable to the success 



§ 564. 

The asumption that electrical currents oircuUte about the 
earth is consistent with the directing force they appear to eiert 
on magnetized needles. For since by Ampere's hypothesis a va- 
riation needle may he regarded as a solenoid (g 557. ), it will take 
the sam polar position as the latter, whtxi the electrical currents 
supposed to eiist in it acquire a position eiaotly opposite to that 

1. e., they will flow exactly opposite to each other. This can 
however be the case only when the north pole of the magnet is 



h. Google 



Let a.. Jig. S4S. be a secUun of the earth tbrougb its mag- 

Detic equator, and let f to be the directioD 

J^^. 242. of the current floving round it from £. to 

_-^ W. Now let a be the section of a magnet 

i(^ mOTeable in a haiizontal plane aboie its 

^r^~^' surface, the Iflltet must take such a position 

1^^ that iU circular cuTrents will have the same 

direction as those on the earth, the; will 

therefore flow from E. to W, This is the 

case in the northern hemiapbere if the 

south pole itf the magnet be turned towards 

the equator, and in the southern bemi- 

sphere if its north pole be turned* towards 

the equator. 

But the north pole of a dipping-needle wilt dip towards tbe 
earth in the northern hemisphere, and the souUi pole in the 
southern hemisphere, when the currents by which the; are encir- 
cled flow in the same direo^n as tboee of the magnetic equator. 
Tbe wooden cylinders already described aad represented 
in Jigi. 228. and 243. may aene to iUustrate tbe true posi- 
pomtioii of tbe dipping-needle. 
Fig. 243. £.3. W. N. may represent one me- 

ridian of the earth i E. W. its mag- 
' ~ netie equator, and the arrows on it 

the direction of the terrestrial cur. 
rent. Then it is easily seen that 
such a needle, if held horiionUlly 
over the equator, e. g., over E.. 
and W., must, in the northern he- 
nusphere, take tbe position towards 
N., and in the southern towards S. 
as shown io the^^., for their cur- 
rents to flow in the same direction 
as that of the earth itself. 
Batlow tried eiperimentaU; to prove this assumed 
influence of tbe current of terrestrial electricity on magnetic 
needles. He procured a wooden globe, and through every 
tenth degree he carried a wire, along which he passed an 
electric current. Then he found that a magnetic needle, so 
circumstanced as not to be acted on by the earth's magnetism 
and constructed like a dipping-needle, assumed the same 
teUtire positions as such an instrument would have token 
for the respective latitudes on the earth. 
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A roUtoTf motion may be imparted to an electric current b; 
teireslrial magnetism, if the conditions specified in g 553. are 

»illi extreme readiness, lliis is the case with a horizontal cur- 
rent revolting about a vertical aiia. If the current recede from 
the axis, (he roUliou will be from E. Ibrough Ihe N. to the W. ; 
but if towards the aiis, then its rotation will be in the opposite 

Expl. If the needle which turns horizontally in Schweig- 
ger's rotating apparatus, /ff. 234 a., be light enough, and if 



m of Ma^nelism ffff Electric Cum 



Besides the deflecting infli^nce exerted by the electric current 
on magnetic needles, it possesses the Airther property of impart- 
ing both transient and permanent magnetism to different con- 

Arago first made this observation shortly after Oersted's splen- 
did discovery. He found that every metidllc conductor, so long 
as an electric current flowed through it, attracted towards itself 
iron filings and other similar bodies in the same manner as the 
poles of a magnet. This attractive energy was not like that of a 
magnet in being especially potent in particular spots; but, on the 
contra^, the wire tiiroughout its whole length showed an equally 
intense attraction around its entire surface. 

Expt. Coimecl a copper wire, about one line In thick- 
ness, with the poles of a platinum or carbon batteiy (§ 546.). 
On establishing contact, the wire wilt attract Iron tilings 
towards itself, so as lo be completely enveloped with them : 
and it will retain Ihem so long as the electricity is sent through 
it. Break the connecdon, and the filings will instantly tall. 
A horizontal spiral, such as fig, 344., may be substituted 

Fia 244 ''"'■ ' '""*'"""' ""*■ ^""^ '' "■'"■ 

"' ' a thin plate of glass or horn ; strew 

fine iron filings uniforml]' on 
the plate, and on transmitting the 
current through the spiral, Ihe 
filings will be seen to group ihemselvei id>out the coils. 
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. i 567. 

Ifui electric current pan am ani aniBll pieces ofneel or iron 
which lUnd at riglit sngles to the direction of its current, it will 
reader them magnetic, and that end vhich is to the left of the 
current will be the north pole of tbe respectife pieces. 

Expl- Uae a Atrip of copper as the conductor of a power- 
ful balterj, and at right angles to the direction of its current 
lay a fine sewing. needle, which may be insulated by meann 
of a piece of Indian rubber, or paper, or by a silken thread, 
ftom the copper. Send the current through the latter, and 
the needle will acquire a magnetic polarity, and its north 
pole wiil lie to the left of the current, the observer being 
lupposed to stand so that tbe current flowa between him 
□eedle, i. c, on that nide to which the current would 



deflect the north pole of s nugnetiied needle (see § 546. )■ 
Soft iron retains its magnetic property only so long as t 



tbe 



The current eierts a still more powerfiil influence by making 
it «idrcle the steel you desire to magnetite a considerable num- 
ber of times. Even large needles may be rendered strongly 
m^netic, if they be insulated in a conductor coiled tike a screw 
or s solenoid, through which a powerlul currenc is transmitted. 
A momentary charge is sufficient permanently to impregnate the 
Bteel with magnetic virtue, that end which is next the north pole 
of the spiral becomes the north pole of the magnet (S 554.); i.e., 
the end, therefore, which lies on the left of the direction in which 
tbe current flows. 

Helices are said to be right-handid when coiled forward in 
the direction in which the hand of a watch moves; kfi- 
Jumded when the coils run in the same way as the worm of 
a common screw. In the former tlie south pole of the needle 
will be found at the end where the current enters, and the 
north pole where it makes its exit; in spirals coiled to the 
left, tbe poution of the poles is exactly reversed. 

Fint ExpL Wind some capper wire about half a line 
thick around a giasa tube one line in diameter and 
rather longer than the needle that is to be magneliied. 
If the wire is previously covered with silk, the glass may be 
dispensed with. Thrust the needle into this helix of wire 

as a sufficiently powerful current is transmitted through the 
wire, the needle becomes magnetic. By attending to the 
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remarks already made, it will at once b« known at which 
end the north pole will be. 

Place a needle already posses^ng mngnetic properties in 

where the north pole of an unmagnietized needle would bej 
Bend a curr«it through the wire, and the poles of the magnet 
will inatantly be reTeised, 

Since a momentary action of the current suffices to mag- 
netize the needles, a similar result is obtained by sending a 
charge Irom a Leyden jar through the coil of wire ; an eipe- 
riment given already, § 497. 

From these effects of the electric current we are enabled 
to understand the influence of lightning on steel rods and 
magnets referred to in § 545. 

Secoad Expt. If the wire is coiled in one direction half 
the way along the glass tube, and then in the opposite the 
other halt, a needle placed in such a helix will acquire three 
polea by the action of the current on it ; yiz., two «nular 
ones, one at each end* and one dissimilar at the point where 
the direction of Ibe current was cbauged. 



§ 568, 

In consequence of its low coercive tbrce (§ 438.), pure soft iron 
becomes more strongly magnetic than steel, when encircled by a 
spiral electric current, llie magnetic virtue thereby imparted 

dincohtiaued. Iron bars, generally of a cylindrical form, about 
which an insulated copper wire runs in the form of a belir to 
conduct the current, are called ttraporaty or ^dro-magnets. The 
most powerful specimens are obtained by bending the bar into 
the figure of a horse-shoe, the eoils of wire being, however^ COQ- 
unued as if tbe bar were rectilinear ; its-ends are then closed by 
a feeder of soft iron. They surpass all natural and all tbe other 
kinds of artificial Meel magnets in suspensive power, several hav- 
ing been already constructed, and of no very great djmenuons 
either, which are capable of bearing more than tiOOO lb. 

Both the bta and horse-shoe electriKmegnels acquire at their 
eilremities that polarity which the ends of the helix possess; that 
ii to say, their north pole will always be to the left of Che direc- 
tion in which the current Hows. If tbe current's direction be 
reversed, the poles of the magnet will be su coo. and the trans- 
does not lose its bold of the magnet at all, or at most it recedes 
but little from it. If the current be altogether cut off, and the 
keeper be maintained in contact with the tnagnel, Watbins found 
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that the electro-nugneC relmned for a length of time a consider- 
able suspensive pnwer (about balf lU full power)) but that IT the 
keeper were Jetacheii, the magnet enlirely lost this power. Mag- 
nus further discoveied, that electro-magnets acquire their eitra- 
oidinatjr suspensiTe power only when their keepers are connected 
with Chemj it is the magnetisni excited by induction in the 
keepers that imparls this power, for when the poles are not tbm 
connected they are scarcely able singly to support the wei^t 
of the keeper. 

Several phllosapbers have attempted both eiperimentally and 
theoretically to ascertain the lavs on which this suspensive potver 
principally depends, and by which it may be deteimined. In- 
vestigations oF this kind were first undertaken by Fechner, Dal 
Negro, and Ritchie ; they have subsequently been carried on 
more fully by Jacobi and Leni, and most recently by Pfaff. The 
main results at which they have arrived are the Allowing : — 

1.) The amount of the suspensive force is immediately depend, 
ent OH the inltHtity of tit electric nnni which circulates about 
the iron ; and it has hereby been ascertained, that the intensity 
of the magnetiEm excited in the soft iron i» ciactfy peoportioKal 
to that of lie electric current 

By Ohm's fuudamental law the intensity of the current 
may be estimated froin the magnitude of the electro'moiive 
force, and the degree of resistance to conduction that has to 
be overcome (§ 511.) in a short stout wire of good con- 
ducting power, such as copper. It depends, therefore, prin- 
cipally on the quantity erf electricity passing through the 
helii ; consequently, on the area of the electromotors, and 
on the absolute force with which it is eicited ; if the wires 
be long and fine, on the density of the current, and on the 
number of members in the battery, 
a.) Ifthe intensity of the current continue the same, the mag- 
net's suspensive force increases with tbe number of turns made 
hy the wire; or, the total effect of all the eoile ii equal to the (hbi 
of their effecti if taken singly. 

3.) The attractive force of an electro- magnet increases as the 
mass of the iron composing it \ and this increase ie proportional 
to the diameters of the iron cylinders, their lengths being a/miL 

i. ) The ilmetvre of the iron itself greatly modifies its infl uence ; 
and, in fact, the purer, softer, and more homogenetna the taaea, the 
stronger the nagnetim it is capable of rectiviag. 

5.) Lastly, it has been ascertained that, the form of the matt 
of iron, or of the eieEtro-magnrt, injiuences its tuspensioe power. 
Cylinders were found to carry greater weights than rectangular 
bars 1 and a hollow cylinder, &om which a portion had been cut 
away, so that it fi>rmed (Jig. 245.) a long hoise-shoe magnet. 
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when viewed in the direction 
of its Biii, Itut t, terj short one 
if taken ss to its height, was ca- 
pable of receiving a very {^reat 
BuspensiTe force; and lastty, a 
sli^t eurvatuie of the polar 
surlacea added conBiderably to 

The following conlrivaroe will lie found eonveoient for 
EJlimatiug in a simple manner the sispensire foree of an 
electro-magnet, either by wdght or bji human power of trac- 



The boree-shoe NJS (j^. 246,), which stands vertically 
in a wooden foot, is &steTied so that its arms point upwards. 
The manner in which the copper wire is coiled about it is 
seen from the figure. The ends catry two binding-screws p 
and m, which are either connected immediately with the 
poles of a battery of two elements, a carbon or platinum 
battery, or else it is connected with the latter by means of a 
commutator (Jig. 303. § S4fi.). The different coils of the wile 
are insulated one from auother by winding them so that they 
do not touch at any point ; Ihey are insulated with regard to 
the iron of the electro- magnet either by surrounding the Utter 
with a silli band, or by coating it over with gum-lac varnish. 
The feeder A, which consists of acylindricaipieceof softiron, 
is so fastened to the unequal armed lever acb that it moves 
at a short distance above the poler, whose faces are slightly 
hollowed out. The feeder having a free motion in this po< 
-. sition, can be brought down so that its cylindrical Euriaoe 
'Just Gts into the cavity <^ the poles beneath it. A stout 
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u«t's power of luipension ; or this rorce may be esUmated by 
ptesMng or pulling tha leyar with the hand until the keeper 
is detached, in whieh case the true meMure or the foice U 
obtained b; supporting the lever In the middle c*. It is 
Hcarcely necewary to •dd that in Buch eiperimenl* as we 
have beeo deacribing, the foot of the apparatus must be 

This curious and powerful kind of magnet was disecered 
by Sturgeon in 182S. Subsequently Henry and Ten EyL, 
in America, oonstrucled some on a large scale. One horse- 
shoe magnet made by them, and weighing eOlbs., would sup- 
port more than 2000 lbs. More recently electro-magnets 
bsTe been made of the ordinary form by Joule and Badfort. 
Fig, 345. represents one of Joule's, which weighed 15 or 
16 lbs., and carried a weight of more tbsD 3500 lbs. 



If B rectilinear electro-magnet be made to turn in a horixontal 

clination needle, or a solenoid; that is to say, it will assume > 
polar position. If on its attaining this situation the current in 
its wire be reveraedi the poles of the magnet will instantly be re- 
. Tcned, and the consequence will be that it will begin to revolie 
in order once moretu regain its polar posilian, on attaining which 
ita magnetism becomes again changed, and hence a perpetual ro- 
tation of the magnet about its middle. This rotatory movement, 
which in the case supposed was owing entirely to the InQuence 
of the earth's magnetism, may be rendered mpre liolent by caus- 
ing the unvarying poles of a common magnet, or of an eleclro- 
magnet, to an upon those points of the revolving one where the 
change in the current takes place. According to the laws of 
magnetic polarity there arises first an attraction between dlsumilar 
poles I as soon as these, by the change in the current, become 
similar there ensues a powerfLil repulsion. This alternate action 
is muntained so long as the continuance of the electric current 
keeps up the temporary magnetism. Ritchie, who in 1833 in- 
vented these rotating magnets, .first entertained tha ides of apply- 

Fig, 247. and fy. 247 a. give a vertical and a bird's-eye 
view respectively of an apparatus of this kind, which, besides 
generating B rotatory movement, may be used as a contact- 
breaker. S N is a common horse-shoe magnet, with its poles 
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iiis cd, whose point leau ia a deptession 
Pip. 247 a. Fig. 247 6, 




in the screw m; the poles R and a of the lesser magnet ace 
at a small distaace from thoU: or the great horse-shoe, whose 
poles Sand N pass through a vooden circular plate; betneen 
these pole* the two halves of a copper ring are let in, so as 
to be insulated at /and g bji two partitions of wood oi ivoty, 
which part them asunder. From these points conductors 

cumference in binding screws at p and ■>, by which the half 
rings of copper are connected with the poles of a constant 
Lattery. These two copper plates, acting now as the poles 
of the battery, are put in contact with the ends a and b of 
the helix of wire, and thus the current circulates about the 
electro-magnet To insure a complete metallic contact be- 
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gamBted, silvered, or gilt. At the instant whe 
wires cross the bridges /and p, and touch the other copper 
plate, the poles of the electro-magnet are reversed, as is 
understood readily from the remarks already □ 
partitioD x which projeels aboye the copper plate, 
■ iC at / and jf, may be of either wood or i 
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§570. 

Man; philosophen and mecbanicUns, in both the old and new 
world, veie induced, from ■ consicleratioa of Ritchie's rotatinjt 
elcctro-msignet, to investigate, both piacticallir and theoretically, 
hu» far electro- magnetism would be available, if applied as a 
motive paver to machitier;. 

The principle on which all machinea act that are Kt in molioK 
by eUctro-magnetitmj is mainl; the great attractive force exerted 
by the dissimilar poles of an electro-inagnet, and the subsequent 
change of this attraction into an equally strong rcpuluon, when* 
b; the change of the current in the spiral, similar poles are made 
to act on each other. — We are indebted to Frofesaor Jacobi, of 
Petersburg, for the most complete and varied invest igati<»)s, both 
of B practical and theoretical nature. 

A machine was constructed, according to the lavs de- 
veloped by Jacobi and Leni, in 1831, its useful effect 
amounted to between | and 1 horse pover (§ 431.). 

Id consequence of what has alr^dy been effected, these 
machines possess a great practical interest, and since experi- 
ence hsi ever shown that discoveries of this nature ere not 
brought for years to the highest degree of perfection of 
which they are susceptible, every unprejudiced person will 
looL with satis&ction at what has already been accomplished, 
and as the existence of this force is KiUy established, the 
hope may reasonably be cherished that further investigatioii 
wiil enable us to apply it more extensively. Whether this 
new motive power will ever replace steam, as many have 
confidently asserted, we are not yet in a condition to say 
positively : before that can happen we must be enabled to 
generate electro-magnetic fbrce of any degree of strength 
that ve please, as we can steam; it must possess the power of 
impsrtingto machinery every required Telocity; it must be 
capable of being regulated as steam power is, at the pleasure 
of man; and could even all these requisites be complied 
with, and though it possessed the advantage of involving no 
risk of lire in lis controul, tbero. would remain one import- 
ant element to be considered, viz.. whether its economical 
1 compared with the cost of 
eeds that of steam. The 
main point would therefore be, that we should find materials 
for generating this force as abundantly supplied as those by 
which steam is created : for with the present construction of 
•lectrt^-magnetic machines, and with the materials now used 
lor producing the force, it is out of the question to think 
ttiat it con be substituted for a fraction of the many millions 
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of hone power repreiiented b^ exieting steam engines 
<g 420,). Whilst penning tliese lines, the recollection 
inioluntariljr forces itself upon 017 mind of the illusoni 
Bnticipationa, formed but a few yeaia ago, that steani power 
«a> to lupersedc gun)>owder (§ 420.). 



A. EUclrit CuTMitrt txcited by meani ofolturs. 
§S71. 

After the electro-msgnetic discoieiies had esl^lisbed the Tact 
that electricity, in a state of motion, pouessed nugnetic proper- 
ties and exerted a magnetiBng influence, tbe natural conclusion 
was speedily drawn IhM, conversely, magnetism would call fortli 
electrical phenomena. 

Now, as according tn Ampere's theory of the nature of mag- 
netism (§ 49T.), magnets are assumed to be bodies about wliich 
electric currents circulate, the next thing to prove was, what 
influence such currents would exert on other bodies in a state of 
electrical equilibrium. The investigations on these ptnnta led to 
the following results: — 

1.) JSltctrie turreiitt act prtcittig at tlectricity in a $late of 
lention wouJd act on cOBr/uctori vithin the tphert of their infivma, 
thot u, tkof htf induelum t^cite cittratlt again in tAtae bodiea. The 
electric currents thus generated are called itufuced or Hcaaitar^ 
currents, wbilst those which eiiited originally are termed the 
induciitg or primarji currents. 

3.) A tectmlaTy rurrmt vitf ie elieiled in a thud mttallic coa- 
dtatoTt vAfli brought near to or when ranoved front a currfnt 
atready exitting, aito when an ttectric current it ealUd into existence 
or u tmrpejtded in Ua neigMtonrhood, 

3.) Thete teamdary cnrrenU ore oniy of motnentary duration, 
teitreae the primary are permanent. 

4. ) The tecondary current tehich ii Jirtt generated, vix. that 

uhieh it formed Ay bringing the nndectrijied conductor near to the 

Q 3 
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priMar}/ current hai Iht opposite direction to it, icliertai At teetmd 
orjinal one, which ujbrmedby the remoeal or luapensnm ofthepri' 
Tuary current, hat tlu same Srtctim Kith it. Hence it follows 
that the Aecondaiy currents always have the contrary direction to 
that vhich a current in the unelectnGed conductor must bate 
had to cause their approach or recession. 

Further resesri^ shoved that a secondary current that had 
been elicited by a simple or rectilinear primary one, and that 
had but a small intensity, became much more powerful wben the 
conductor of (he primitiTe and that of the secondary currenla 
were coiled under each other in a spiral form, because by this 
meatu the single force was multiplied in the same manner as in 
a galvMometer. §§ 513. and 547. 

The brief duration and the small mtensity of currents 
eicited by induction, caused them to be ao long overlooked 
by many 'distinguished men of science. Faraday was the 
first who, towards the close of the year lasl, discovered the 

governed ; their eiistenee he proied by increasing their 
effect throuRh using a great many coils of wire. 

This distinguished philosopher endeaTourcd to account 
for the brief duration of these currents agreeably lo the laws 
of the induction of electricity in a slate of teosioo, thus 
(§§ 478. and 489.). Al the moment wben electrical equi- 
librium is disturbed by a primary current in a closed coD' 
ductor, it will attract one electricity and repel the otber. 
Thenoe two currents arise, one running in the oppodte 
direction to the primary current, the other in the same 
direction with it. Now the latter, hy the laws of electrie 
current? (§ 549.), will be attracted by the primary current, 
its action will be thereby suspended whilst the other will 
move on with great velocity. The induced conductor, 
during the continuance of (he current which acts on il, is 
in a peculiar latent state, called by Faraday the lUetrotmit 
state, resembling a conductor put in a state of tension by 
induction. When this condition terminates, Ihe current 
that had been held back so long aa it lasted is set at liberty 
and Tno«ee in the direction of the exciting current. 

The following experiments vrill display the creation of 
these secondary currents, their brief duration, and the laws 
regulating their direction. 

Firil Expt. Two fine copper wires covered with silk 
will serve as conductors of the primitive and secondary 
currents. Coil both under and over each other about a 
wooden cylinder in which there is a deep groove, so that 
the entire number of turns may amount to several hundred. 
Fig. S4S. represents one of these induction spirals ; a and i 
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F>g. 348. Fig. 249. 




nre the end* of one, c and d thou of the other «ire ; and 
thai the endi of the reipective wire« niay be readily distin- 
guished, it ia Bdiisable to coier them nith silk of di&erenl 
coloun. Connect the ends of one wire, a. gr. a and h with 
the poles of a powerful constaot battery, then the current in 
(his conductor will circulate close to the other conductor 
without being ahle to pass over into it. The se«>nd wire 
will accordingly sene as the conductor of the secondary 
current, and that the effect* of induction in it may be readily 
seen, connect its ends c Bnd d with a gBlvanoineter. At the 
moment when the battery is connected by means of the first 
wire, the deflection of the galvanometer needle shows a 
secondary current to have been elicil«d in the under wire. 
If the primitiTe current in the first wire go from a to b, the 
needle would show that the secondary current had gone 
from d to c. After a few oscillations the needle reverts to 
its original position, thus proting thai the induced current 
had ceased to exist. Interrupt the primitive current by 
breaking the connectjou of tbe battery, and the needle will 
instantly turn in the contrary direction ; showing the enist- 
ence of a current in the under wire flowing from c to <f, in 
the direction therefore of the principal current whose action 
had been suspended. 

Scemd ExpL To show how secondary current) are pro- 
duced by bringing one conductor near to another and by 
withdrawing it, the latter being traversed by electricity, it 
will be necessary to use two separate induction spirals. 
The inducing spiral whose ends are connected with the con- 
stant battery, eon^sts of a wooden roller on which are 
wieral hunih-ed coils of copper wire about one line thick, as 
shown in jig. 249. A ; the wire is covered with silk. The 
other in which the secondary current is to be generated 
consists of a similar wooden roller, fig. 249. B, hollow in 
the middle and large enough to slip over the other. It 
a4 
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The phenomena described in 
wben it is deuohed iTom it. 



§573. 



Soon after the discovery of these lecondary cunenis it was 
found, as was to be BDticipated, that the; produced not merely 
magnetic, hut also physiologicBl and luminous phenomena, like 
Other electrical currents ; on account of tbeii alternate action 
they exert do cbemicBl influence. To render their phy^otn^csl 
effect on the human frame perceplible. there must tie a rapid ' 
suecesuon of brqika in the primary current ; tliis may be eH^led 
by inserting a contact breaker in the circuit. 

When a frog's leg was connected with the ends of the 
induced spiral, eontiaotions took place on each opening and 
clouDf of the battery. Sparks slso accompanied each of 
these changes when the amslgamated ends of the wires.were 
brought together. 

To magnetite a steel needle, place it in a spiral wire just 
as when a permanent hydro-elcclric current is u!ied, tlie 
ends of this spiral being connected with those of the induced 
spiral. Only one of the secondary currents should be 
allowed to pass Cbrouj;b tbii conductor, or else the magnetic 
influence eierted by the one current will be annihilated, or 
at least impaired by the other which flows in a contrary 

A shock may be receired from a current proceeding from 
one element ofs constant battery, if the metallic ends of the 
spiral in which the secondary current is generated are 
grasped with wet hands, and the eflect will be heightened 
&lbe ends of the wires are furnished with such conductors 
as we have described in eipt. 6, § 515., and the person who 
is to receive the shocL holds these instead of the mere wires. 
With the common voltaic current a pile of at least thirty 
pairs of plates is required to produce a shock ; the current 
of the tingle battery Is In this case rendered more powerful 
by being transmitted through repeated coils of the wire. 
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Faradsy aUributes this to an i 
wtdcb the coih □( the lame spiral exert <ta et 

rent thus produced he calls Ihe eitra-curml. 
generated on connrcting the battery^ like the 
has the contrary direction to the prLmary, tl 
the tatter therefore neutraliies il ; that which 
the coDDeiion baa the same diiectioD as tb 



JiSnf Expt. Connect the mercury cups at the poles of a 
simple but strong; voltaic battery (best of all of platinum or 
carbon), by means of a short copper wire ; on breaking and 
renewing the conneiion s lery feeble spark will be obtained, 
but if the pol(9 are connected by the long wire of an induc- 
tion spiral each time the ends are itucrted in the mercury 
cups and are removed from fbem, a vi^id spark and an 
audible report will be obsetTable. 

Sitimd Expt. Conned the pole* of the battery with the 
metallio omductors which are to be grasped in the bands, 
and the nerves will be afTccled each time the connexion is 
and broken ; but the intenuly of the shock will 
1 witbia certain limits in proportion to the 
number of turns in the helix ef an induction spiral inserted 
between one polB and one conductor. 

Both the lumiiHnis pbenootena and the electric shocks 
are ronderad more forcible by interposing any contact- 
breaker j the sparks are remarkably brilliant if a Ritchie's 
rotatory electro-magnet {Jig. 247.) is employed. To obtain 
the rapid succesnon of shocks the contact-breaker mutt be 
inserted in that part of the eonductor 
Fig. 35(X which is between the conductors tbit 
are held in the hands. Fig. S50. wilt, 
render this arrangement more intelli- 
gible ; E is tbe battery, S tbe spiral con- 
nected with one of ila poles, B is the 
contact-breaker, and C C are the con- 
ductors. At each interruption the eitra- 
current runs from the conductor through 
the human body. 

When the current is interrupted and 

' renewed with sufficient rapidity and con- 
tinuance, the eitra-current, as Faraday has proved, exerts 
thermal, chemical, and magnetic Influences. 
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Even the momentary ourrenl of ftictional eleclricily, obtained 
by dificharglng a Leyden jar or an electrical battery, excites, in 
closed Gonduotoie itanding near tbe coDduotor of the momeotary 
curreoc, induced or secondary currents, whoae properties have 
been investigated by P. Riess and Dave in a compiebenBive 
series of ingenious eipenmeDts. An instantaneous primary cur- 
rent of tbb kind generates only one secondary current, which 
has alwaya tbe same direction with itself, arid which produces 
eCTects thermal, magnetic, and physiological, strictly analogous 
to those eaused by permanent electric (voltaic) currents. Want 
of space forbids our entering more into detui as to the properties 
of these currents. 



B. fifcrfric Curratti generated fiy Magnelt. 

§575. 

It was to be expected from the discoveries made as to the 
inductive influence of electric currents, that if Ampere's hypo- 
thesis were correct, magnets would produce effects strictly ana- 
logous to those displayed by an induction spiral, through which 
there flawed a stream of voltaic electriinty. The eiperimenta 
perfornied to establish this point have lully proved it. A mag- 
aet by indtictiai txcUa in an undeclri/itd cloied eondvclor a aamt 
both an being bravi/IU near to, and on biing Ttmoved from Ihe latter. 
While Ihe tHOffnel il a( rest, and near to Ihe eoiuiiicloT, no cmrent it 
pereeptibU in the latter. These secondary currents have the same 
directions a> they would have received Ironi a magnet {% 551.), 
according to the fundamental law of the induction of electric 
currents {% 571. ), based on Ampere's hypothesis. 

Our first knowledge of the existence of these taagntto- 
electric current, as they have been called, is due to Faraday, 
who discovered them towards the close of 1831, simul- 
taneously with the secondary currents that are generated by 

The following may be regarded as the fundamental 
experiment ; — 

Eipt Insert one leg of a powerful horse-shoe magnet in 
the hollow cylinder of an induction spiral, fy, £49 B, 
whose ends are comieeted wiUi b galvanometer, and tbe 
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defleiion of the needle will choir that a 91 
has been generated in the spiral whose direction is contrary 
lo that of the cuirents circulating about the magnet — It 
the leg of the magnet remain at rest in the cylinder, the 
galvanometer needle will, alter a few oscillations, resume its 
normal position i the copper s|iiral is oonaequeDtly in an 
efectrobmic itaU(gSTI.). — Withdraw the magnet after the 
i;ee<lle has become steady, and it will again deiiale, but in a 
contrary direction to that in which it moved when the mtg- 
net was inserted in the spiraL- — Insert the other pole of the 
magnet in the cylinder anil the direction of the needle's 
deflexioTU will he rerwsed. — In these eiperiments the wires 
from the helix must be long enough to prerent the magnet's 
acting on the galTanometer needle. 



§ 576. 

Soft iron, which has been rendered temporarily magnetic by 
the permanent electric current of a voltaic or of a thermo battery. 
or by induction from a steel magnet, excites secondary currents 

would. The first case may be vettRed by surrounding an electro- 
magnet in an induction spiral, then establish and break the can- 

halii, and it will be idternately in a magnetic and in an unmag- 
netic state. In the other case the same effect follows if a piece 
of soft iron, placed in the induction spiral, be alternately magnet- 
ized and demagnetiaed by approaching and withdrawing a power- 
ful steei magnet. 

Firtt £xpt. 7%e Magaeto-tlfctric Ring, fg. 231,, is one of 
the most simple pieces of apparatus tor generating magneto- 
electric currents by means of an 
electro-magnet. It consists af a bar 
of iron about I inch thick, bent round, 
so as to form an oval nng, whose 
longer inner diameter may be some- 
what about 3 or 4 inches. One half 
R is converted into an electro-mag- 
net, by having some insulated copper 
wire of sufficient thickness twisted 
round it, the ends of the wire being 
connected with the poles of a constant battery ; the other 
half, which answers to the feeder of an electro-magnet, is 
surrounded with the inductive s^iiral i. Connect its ex- 
tremities a and b with a galvanometer, and its needle will 



Fig. 251. 
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n of the bailer; being broken aiid 
renened, the same efiecta as if its place had been occupied 

bf an eleclTOi-mAgnet A comnion electro-magnet might 

h«ve been used in performing this eiperimeot, if its feeder, 
b; vhich the polei were cannected, were inserted in an 
induction spiraL 

Seamd Expt^ To shov that these currents uiaj be gener- 
ated hj the inductive influence of a steel magnet, bring a 
feeder, such aa ire have Just described, near la the poles of 
a powerful hone-sboe magnet, and then withdraw it. On 
bringing the pole of the m^tnet near the two ends of the 
feeder, tiie galianometer needle, which is connected with its 
spiral, will show (lie existence of a current, whose direction 
is opposite to that of the current which, b; Ampere's tbeor;, 
is supposed to enrirde the soft iron that has been converted 
into a magnet. On withdrawing the magnet, the contrary 
deriation of the needle proves that the second secondary 
current has been generated, and that its direction is the 
same as that of the current which had just been suspended 
in the iron. 



§577. 

Leni has investigated and discovered the laws which regulate 
the magneto- electric force excited by magnetism in the inductioD 
spirals. The results obtained by this philosopher coincide 
eiactly with the laws which he and Jaeobi had previously found 
to regulate the intensity of the electro- dynamic force excited by 
voltaic currents (compare § 568.). These iaws are, 

1.) That the magnelo-^ectric energy eicited in an induction 
spir^ by means of magnetism, is equal to the sum of the electro- 
motive fbrces of all the individual coils of the wire (Ohm's fiin- 
damenlal law, § 51 1.). 

2.) " CKtetis paribus," that is to say, with equally powerful 
currents, the magneto-electric force will be nearly proportional 
to the number of coils, the thickness of the wire exerting no 
influence on it : its intensity will, however, be slightly diminished 
by itioreaang the width of the coils. 
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of soh iroD within the hallow cylindei of a spiral through which 
the primary current Sows, and Che secondsry cuirent generaced 
by the combined influence of the Iwo forces will be more power- 
ful than if eicited by either of them singly. The soft iiou < 
becomes m^netic every time that the contact of the voltaic 
battery a established ; it loses its magnetic properties agaio when 
coolact is broken ; il acta tbenfore in both atstt inductively, like 
the voltaic current on the outer coils of wire. In this kind of 
induction apparutus the eitra current which is generated at the 
moment when contact ii broken, possesses remarkable energy in 
giving olf sparks and shocks ; subsequeot observation has shown 
that these eOects are rendered still more powerRii if a bundle of 
iron wirei be osed ioslead of a solid cylinder (a). 

On these principles have been constructed g<Jmiiio-magiiitic 
induction maclHntt, which have been variously applied, hut whose 
principal use is for medical purposes ; they condst of an indue- 
up with an apparatus for establishing and breaking contact with 
great rapidity. 

a.) Bachhofiher and Sturgeon appear to have Gnt 
noticed that a bundle of wires, insulated by a coating of 
varnish, gave a more powerful eitra current than a massive 
bar of iron. Magnus and Dove tried to ascertain the cause 
of this increased eEfect; they (bund that when the wires 
were inclosed in a metal case, the force of the current was 
the same as if it had been sent through a solid iron. But 
when (he tube was slit, or when the wires were not inclosed 
at all, the efficiercy of the current was greatly heightened. 
Dove tbund, on prosecuting bis inquiries still fkrther, that 
two perfectly equal induction spirals, provided with diStrent 
bars or sets of wires, even if they deflected the needle of ■ 
galvanometer equally, gave shocks of unequal intenuties; 
he therefore inferred that the increased physiological eff^ta 
depend partly on the iniemat structure of the iron, partly 
on the discontinuity of its mass, and that the greater efl^t 
is owing to the more rapid suspension of the current caused 
by this discontinuity; the greater intensity of the ^ock, 
caused by rapidly establishing and breaking the contact of 
the battery, admits of a similar eiplanation. 

b.y One of the simplest and most ingenious contact- 
breakers for machines of this kind, has been invented by M. 
Wagner, of Fran kfbrt-on. the -Maine: il possesses the advan- 
tage of simplicity of construction, and also that of having 
its motion maintained by the electro-magnetism elicited, in 
this respect resembling Ritchie's rotating electro-iriBgnet. 



binatioo wilL however, admit of v 
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1 1 i< a (fictional view of it 
Fig. 252. doable mduction spiral, r r 

is theffooden roller OD which 
the inner spiral of stout cop- 
per vire a U wound, this 
serves as a conductor of the 
primary current, and over 
this the finer wire b is 
wound as a conductor of the 
secondary current; m is the 
bundle of iron wires in the 
axi" of the spiral, projecting 
with iu lower pole a little 
beyond the opening in the wooden cylinder. The end i of the 
wire Ibrniing the in ner spiral is connected with one pole, 
and the other, x and y, is connected with the other pole of a 
constant battery, llie portion of the conductor /< A p be- 
tween the two binclint;-screwB z and y, acts as the contact 
breaker. It coo^a of a copper wire, flattened at / into a 
feather-edge, which may be soldered or screwed on to the 
binding-screw, x. A leaf of iron, t, is fastened on this wire 
under the elect ro-magnet ; at A it is bent downwards, where it 
expands into the hammer A, terminating in a platinum point 
by which the conductor rests upon the copper plate p, which 
serves as the anvil. When the hammer rests on the anvil, 
the contact of the battery is otsbllshed, and the bundle of 
wire* M, magnetiied thereby, attracts to itself the plate e, 
and thus raises the hammer A from its point of support p. 
Contact is now broken, the wires part with their magnetic 
propenies, the hammer again descends on the anvil, and once 
more establishes contact. This process is repeated so long 
as the connciion is maintained with the toICuc apparatus. 

The sparks of the citra current are emitted between the 
hammer and the anvil, and are most vivid when the surface 
of the latter has been recently amalgamated. A shock may 
be received from this current by connecting the metal con- 
ductors at X and y with its conductor. To observe the 
thermal, eheniiical. and magnetic effects, the bodies to be 
subjected to the action of each should he interposed between 
the binding-screws x and y, so that when the principal cur- 
rent is interrupted the circuit of the battery may be com- 
pleted by Ihem. 

To use the physiological influence of the secondary cur- 
rent, the conductors are to be connected with the ends of 
the wires of the outer induction helii. 

The shocks emanating from long induction wires and a 
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Uagt bundle of wires, especially if the priroitiva eurrent pro- 
ceed liom a platiDum or csrbon batlery, are almosl loo 
strong to be borne, and may be tTaiumitted througli a circle 
of 50 or more persona, if they lay hold of each other with 



§579. 

After the discovery of the magneto-electric inductioo currenta, 
several philosophers applied IhemselTe* to discover how they 
might be rendered continuous, and bow to contert their alter- 
nating direction into a constant one. An apparatus fulUlling 
these requirements is termed a magntto-ihctric rolatciry machint. 
Such a machine may he used as a substitute In part for a com- 
mon eleclrical machine, and in part also for a voltaic pile, as it is 
capable of producing electric sparks, incandescence and fusion of 
wire, intense light at charcoal points, physiologic^ effects, che- 
mical decompoattions, and magnetic action of many kinds, llie 
first machine of the kind was constructed in 183S by Pixii, soon 
after it was improved by Clarke and Saxton, and recently it has 
been perfected by Von Ettinghauscn and Dove. 

One of these machines consists of three principal parts, vii.. a 
powerful horse-shoe magnet, capable of supporting from SO to 
100 lbs.; a keeper of soft iron of umilarshape ; and two induc- 
tion helices, each of which goes round one leg of the keeper. 
The large magnet is that part of the macbijie from which the in- 

the place of a permanent electric current. The feeder forms a ' 
whole with the induction helii connected with it, and is that part 
of the apparatus on which the magnet eierts its inductive in- 
fluence, rendering the legs of the feeder magnelic. and thus ei- 
citing the secondary currents in the belices. This feeder, or 
tjvfvctor, as it is called, is Ikstened to a metallic alls, pas«ng 
between its legs : by means of a wheel acting on this ails, the 
inductor is made to revolve rapidly, with its ends near the poles 
of the magnet. The extremities of the iitduelor, t n,Jig. 253., 
and the poles N S of the magnet, are alternately brought into 
two oppo«le pontions over against each other, and are then 
quickly withdrawn ; bo that the end i, for instance, which stood 
opposite to N, vrill, af^ei half a revolution, resume its original 
pouUon. During such a half revolution of the inductor (by 
which its ends will be brought into the reverse position before 
the poles of the magnet so that s will come oppotdte to S and n 
to N) there will be an uninterrupted current in one direction 
through the helii. Its intensity will, however, vary, decreadng 
till it reaches a minimum, and then increasing to a maximum. 
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When the ends of the inductor have reached their nev poalikn 
with regard to the poles, the direction of tb« current in the 
helices alteraatet; and, on coniiauing to turn till' the next oppo- 
sition of the enda of the feeder to the poles of the magnet, there 
will be a similar Tariatlon in the intensity of the new current ; to 

corresponding variation in the direction; and intensities of the 
current* generated. But that the currents induced in ttie 
helices, whether with or without a break, ma^ he carried in one 
single direction hy means of s conductor, the two free ends of the 
wires must he so connected with one part of the revolving axis of 
the inductor that it ma; in a measure embrace both the poles 
from which the current proceeds. To e9ect this, that part of the 
machine is so contrived that it performs the oSice of a commu- 
tator or Bjrotrope (§ 546.1, by means of which, after every half 

versed, and as this reversal is opposite to that which obtains in 
the feeder of the inductor, the current is maintained in one con- 
suiit direction. To break t 



mutator by which the continuity of the conductor may be broken 
for an instant every half turn of the inductor exactly when the 
current ii at its maximum iutensity. There are various ways of 
attaining one or other of these ends ; and in the mode by which 
they are accomplished consist the chief points of distinction in 
the various machines of different philoGophers. 

In order convenieutly to obtain the various effects enamerated 
above with such a magneto-electric current, the resistance to 
conduction must be estimated which the current will have to 
overcome in the bodies on which it is to act. If this resistanee 
be but small the induction helix will require but few coils ( but 
a thicker wire must be used. Hie ends of the wires of the two 
helices are to be so joined together that the current in them may 
move on in one direction, by which means the whole wire will 
act as if it bad half the length and twice the strength. This 

analogous to a simple hydro-electric battery having a lai^e ex- 
cited surface. It serves principally for generating sparks at the 
break-piece, for the phenomena of incandescence, and for the 
magnetic operations ; for these last, however, the current ought 
not to be broken, nor ought its direction to be changed. On the 
contrary, if the current have a consideralile resistance to over. 

trume, or when employed to effect chemical deeompo^tions, ita 
intenuty must be increased ; which is efiecled by using a belix of 
finer wire wound several thousand times, so that it forms one con- 
tinuDui whole round both the legs of the feeder, like the helix 
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ind OD electro-nugnet. The same eBecti may b« produced bj 
ans of such id iiUauity aductor us with ■ ToltBic pile coniist- 
; of a larg^number of pain of plates. It is therefore used 
efl; for geneTating powerful physiological eSecta by aller- 
el; breaking the current, for raising charcoal poinia to a atatc 
incandescence, and for chemical action ; the current, bowerer, 
ist in these caaes remain unbroken, and with its direction 
lltered. 

Fig. 253 a, gives a bird's-eye and^;. 953 h, a pertpectire 
liew of a magneto-electric machine. NJ S ia a powerful 
compound tnagnet, Gutened in a horimntal position. > and 
n are the induction helices of the feeder, whose alia ab ia 
connected with the latge wheel W by an endless strap, 
which runs oier tlie small grooTcd wheel r : this sets it in 
motion, so that its polar aurlaces turn round close to the 
polea of the magnet. 'Die part c 6 of the aiis acts as a com- 
mutator : it coasiats of two pirts, one of which n baa a me- 
tallic conaeiion with the feeder, while the otherp is insu- 
lated liy a cap of born or wood slipped orer it. The free 
end of one induction helii is connected with the feeder ate; 
that of the other, on the opposite side, with the insulated 
metallic cap ji i so that in ihis way the two metallic capiulet 
p and m secure the ends of the helices from which the cur- 
lenl flows. The conduction of the current from these parts 
is eflecud by two steel springs, one of which/ lies aboTe 
and the other j under each of the metallic caps, and which, 
being screwed on brass ot copper stems, are connected with 

■titute the two poles of the entire machine. If now we 
assume that in the position of the helices represented iafigJ 
253 0. P is the positive and M the negative pole, after one 
half turn of the inductor F would become the negative and 
M the positive pole, the direction of the current would con- 
sequently be reversed. But so soon as this change took 
place in the two induction spirals, the electrical condition of 
the polar surfaces p and m of the commutator would he 
reversed too; and as at the some lime when this happened 

to P and M, are brought into contact with these nppoailely 
electrified pans pm, the current becomes again changed; 
whence It is readily seen, that if P and M are connected tbe 
current goes unchanged as to its direction from P to N. 

of breaks is indispensable. The break must occur on the 
current's attaining its maximum intensity, which happens 
when the Induction helices are midway between the two 
poles of tlie magnet, or vertically one above the otbec, (a in 
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» placed that oae half lies on the part p of the capsule when 
it roovea on without any break, whilst Ihe other is bent to 
that it fkllii into the depreiaoD a u the inductor turm tound, 
and thus breaks the conduction and tiie current ; in like 
maoner, the second spniig g is bent so M to come on ihe 
unbroken pait of the commutator ai. This position of the 
■prings is shown in j%(. 253 e. 

To obtain the phjsialogieal 

Fig.iSle. Fig.iSid. effecta. and egpecially the uue- 

^^^_ nelo-eleetric shocks, in rapid 

^^^H uiccessioD, connect the metallic 

^^^& ""V^^ conductors (§ 515.) with the 

^^A° -A,. binding screws P and M; grasp 



the machine in action. Two 
shocks will be felt at each 
rerolntioD, and if the inductor 
be whirled round rapidly the muscular contraction will 
become too violent to be born^ The tame arrangement 
of the springs will serve to show luminous phenomena as 
generated by magnetic induction. They will be visible at 
iae breaks in the conductor at tfae instant when the spring/ 
&11b into one of the holes a. A vivid wUte electric light 
will appear in the groove, and if a steel spring be presented 
to it, it will immediately be surrounded with reddish sparks. 
As we have already remarked, these phenameoa will be most 
btiitiant if a quantity inductor is used, in which case the 
sparks vrill Irequently have a lenjcth of several inches. The 
diemical effects, for producing which the intensity inductor 
will be the best adapted, may be obtained by usinga con- 
stant direction of-the current (which may be ensutod by 
placing the springs / and^ in the position ^jr. 25S a.), and 
connecting the electrodes of a decompoaing apparatus with 
the two binding sCTews PaodH. The decomporition of water, 
as also of an alkaline or heavy metallic salt, may be effected 
in the same manner as by a hydio-electnc current. Wool- 
rich in England and Slcihrtr of Leipilg have successfully 
applied these currents to electro-gilding and liUering (vide 
§ 519.). The splendid light of die charcoal paints is obtained 
by using two of these points to establidi contact (g 514.}, 
having previously connected them witb the poles of the 
machine. To render platinum wire incandescent the quan- 
tity indnetor should be used as shown in jfy. 253 a. : aecure 
a short, thin piece of pUtinum wire between two copper 
wires covered witb nik and twisted into a fork, tbdr other 
•nda being 6uta>ed in the binding-screws F M. In tike 
manner thin iron and steel wire may be burnt ; or tvist tha 
k 3 
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wire fou intend to bum about a wire of pare nwtallie cop- 
p« oonnected with one p<At of the nuchine, and touch tbe 
other po(e with the short free eod of the iron wire. Lastly, 
to produce it* magnetic efiects, such a» the deSection of the 
needle, the eicitation of temporarj Diagnetibm iu metAls 
and elEVlro-magnets, and the tsriaua electro-magnetic rota- 
tions, coavey the constant current of the quantity inductor 
Irom the two pote* of Ibe machine through the eleclia-mag- 
netie apparatus used in the particular eiperimenl. 

An electro- magnet may be subslituted for a steel one in 
ihese machines, and then the rotation of the inductor wll) be 
effected by the changtes of the current in the electro-magnet. 
This variation was first introduced by Fahl. 



§580. 

The disoorerer of msgnelo-elcctrioity cmilil not feil> Ironi 
worlUng out the laws of magneto^lectric induction, to bazaid a 
coixjeeture Ihut the earth itwlf must necessarily act in this respect 
also like an eleclro-magnet. At first he succeeded only indirectly 
in obtaining such an effect from terrestrial roagnetism by thruat- 
ini an induction helii over a bar of soft iron, the ends of the 
helii bein^ connected with a delicate galvanometer, and then 
placing the bar in the same position as the dipping-needle. By 
the inductive inflnence of terrestrial magnetism the iron bar 
■oqnired a north pete at its lower extremity (vide §§ 446. and 
457.), and thereby induced a current in the helii, which, as the 
deflection of the galvanometer showed, was the same ss we should 
have had by inserting the north pole of a bar magnet within the 
helii (§ 575.). The same effect followed when the helii was put 
in the poudonof the dipping-needle, and the cylinder of soft iron 
was thrust into it. On withdrawing the cylinder the needle was 
deflected in the contrary direction, precisely as if the north pole 
of a b«r magnet had been withdrawn from the helii. Faraday 
subsequently succeeded in producing induced circulating cur- 
rents, in vaiious ways, by tbe influence of teirestrial magnetism. 
Copper wire, for inslance, was coiled round a rectangular wooden 
frame, each of whose sides was al)out two feet long, and tbe ends 
of the wire were connected with a delicate galvanometer; the 
frame was then set in rapid motion, with its plane in the mag- 
netio meridian. It was turned from W. to E., and the defleiion 
of the needle showed that an electric current was produced 
answering to the terresirial current, which, from Ampere's hypo- 
thesis, is supposed to flaw from E. Id W. On withdrawing the 

the needle was deflected in the confavry direction. These cSectt. 



h. Google 



•e eitremcly feelile of IhcmEelie), mnj, by a number of 
Its answering to the vibrations of the needle, be h> in- 
n force u to deflect it 1B0° from its normal paaition. 



§581. 

On the electric currents excited by magnetic induction depend 
all the phenomena which conducting bodies display when magnets 
are moved over them, or inversely when the eonducting bodies 
themselves are in motion and their movements are affected by 
the action of magnets. Tliese phenomena may be divided into 
two classes, viz. such as attend the vibrations of magnetic needles 
in a state of jiroiimil; to non-magnet liable bodies, and such aa 
arise between a magnet and one of the^e bodies, when one or 
other is made to rotate near to the other. The general name of 
Rotatory Miignrtitm has been given to all this class of phe- 



netal. Tbe isochronism of the oscillati 
paired, but the aroi moved through b; a declination and by a 
dipping-needle, as also those of a magnet swinging as a pen- 
dulum, are less if perrormed in tbe proximity of « mass of raelal 
than they would otherwise be. The influence exerled by the 
metals varies in degree, that of copper and silver being greatest, 
and that of mercury the least ; in all cases the effect is increased 
as the meUl is brought near to the oscillating magnet 

The phenomena (see § 463.) observed by Coulomb in 
1802, and by Hansteen, were owing to these influences. 
Arago investigated the subject mote clostly \iS 1BS4, in 
order to discover what influence the different metals exer- 
cised on magnetic needles vibrating near tbem. Seebeck 
pushed his researches still further, and arrived at the follow.. 
ing important results. He first found the relative retarding 
force of the different metals on a magnet. A declination 
needle which performed 216 oscillations in the common air 
in reducing iu arc from 45° to 10°, had its eicursioni 
reduced equally when the following metals were presented 
to it at a distance of 3 lines, viz. 

Over Mercury after IIS oacilUtioos, 

— Bismuth — 106 — 

— Platinum — 94 — 
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Otct AntinKmy after 90 OMnllitiatu. 
— Lead — fl9 — 
_ Gold — 89 — 



— Bran — 62 — 

— Copper — 62 — 

— SilTW ~ S5 — 

He found further that tbe retardinf; eSect iiicrea«e<l aa tbe 
DumbeT of plates, or tbe thickness of the single plate, if one 
onlj' were used, waa increased; this tnu9t be considered ai 
holding good only within certain limits, no coriesponding 
influence attended an increase of the surtkce ; the effect of 
all the metals diminished esactly as the distance increased ; 
the nuoiber of oscillations underwent no change if glass, 
wood, or paper, were interposed between the metal and the 
needle; healing the metal plate produced no modification 
in its influence; any disturbance in the conneiion of tbe 
diSerent parU of the plates diminished their influence on 
the magnet, and lastlj, heavy needles were more eauly 
afTeeted than light ones. 

Arago found in 1826 that eien non-metollic substances, 
as water, ice, glass, &c., eceitcd a disturbing influence on 
tbe oscilUtious of needles but in a much loner degree than 
the metals. 



5 583. 

Immediately connected with tbe phenomena we have just 

pended oier a metal plate in a state of rapid motion, or when a 
faorse'shoe. magnet revolves with its poles uppermost beneath a 
plate suspended horizomally above it. These are properly the 
phenomena of magnetic rotation i they were flrst noticed by Arago 
in IS36, and have since been repeatedly observed by other philo- 
sophers. 

They are as follow - 

A declination needle suspended a little above a plate of metal 
Is deflected from its polar position on a rapid rotation being im- 
parted to the latter about its centre ; its deflexion will be in the 
tame direction as that in which the plate turns; it increases as 
tbe rotation becomes more rapid, and on its amountiog (o SOf 
tbe needle revolves with the plate. 

Babbage and Herschel pcrCbrmed the converse of this expen- 
meat of Arago's, by making the magnet to revolve under k 
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bit oT the needle in 

Firtl Bxpl. These eiperimenta will be most euily p«. 
formed by uung tbe whirling table (fig. T. vol. L), on the 
reiolving uls oT which futen ■ ct^per plate two or three 
lines in thickness, and eauss it to reiolTe with suEBcieat 
rapidity. Over the cupper plate or disc place a table, fig. 
S54., in which a circular hole ia cut of the seme size aa the 
disc; clone the opening with a pane of 
Fig. 254. glass, and bring the reroWing metal aa 



No* 



a bell 




glass on tbe pane of glass ; the former 
must contain a pretty strongly majr- 
netized steel bar a i, suspended by a sillc 
thread ; this magnet should be made to 
rise or 6iU at pleasure by means of a 
roller r. The intensity of the action 
which the revolving disc of metal eierta 
on the bar magnet, the velocitieg being 
equal, is greatest when the magnet ia 
nearest to the glass plate, and it de- 
creases in proportion as its distance ii 
increased by winding up the roUar. 

Dr. Bdt^r advises that instead of a 
common bipolar magnet we should use 
one whose two ends are equal and similar poles. Magneta 
of this kind are almost indiSerent to the influence of terres- 
trial magnetism, and are equally as strongly magnetic, 
which last circumstance is of coninderahle importance to 
ensure the successful performance of these experiments in 
rotating magnetism. One of these tripolar magnets will 
instantly follow the copper plate, even if the latter revolve 
with but a moderate velocity. We have already stated in 
§ 4.^4. and § 567. how these aAilic needles may be easily 
made ; it is worthy of remark that those made in the latter 
of these ways by means of the electric current are generally 
more powerful and more completely neutraliied. 

Sieimd Ezpt. Instead of the copper disc now place i 
powerful horae-shoe magnet on tbe aiis of the whirling 
table with its arms upwards, and suspend a copper disc in 
the bell glass instead of the magnet, as in the first eiperi- 
mentt on causing tbe horseshoe to revolve, the copper plate 
will turn roimd also. 

In tiatb these experiments the intenuty of tbe action will 
be affected by substituting plates of some other metal instead 
of copper, BaUMge and Herschel have in a twofold manner 
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be attracted towards the centre, if wilhotit it, will be repelled 
from it. This may be proved by the following eiperiment. 

Fimrlh Eitpl. Procure a dipping needle which may be 
made to stand vertically, either by loading its north pole, 
or by bringing its axis of rotation in the magnetic meridian; 
place it above a revolving copper ptsle, so that Its motion 
may follow in the i^rrction of the radius of the disc, and 
the following cflTects will be observable : 

a.) If tlie north pole stand above Che centre of the disc, 
the needle will remain at rest 
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c) Oncoming over tbe cinJe of indifference it agoin 
becomeH vertical- 

d.) ir carried beyond this cLide It inclines tovards llie 
circumference of tlie disc, 

InsteiidoFa dipping needle, a strongly magnetiied seving 
or knitting needle may be used, which itubI be suspended by 

have been just deacribed. 

Arago endeavoured to account in the following manner for llie 

three different motions irhicb- a revolving metal din: generates 

in a magnet, by supposing that its influence was eierled in a 

three-fold direction, viz., at right angles to tbe radius of the disc, . 

right angles to the plane of the disc, and thirdly, in the direction 
of its radius, •■ «. in opposite directions from the point uf 

of the magnet or disc aniwers to the first, the repulsion of the 
magnet's poles from the rotating metallic stirface to the second, 
and the opposite tendencies of the dipping-needle from the re- 
volving disc's c|rcle of indifference ate owing to the third. 

§ 5S4. 
As these phenomena were observed prior to the discovery that 

attempted to account for their eiisience bj referring them to the 
ordinary inductive influence of magnetism. Faraday recognized 
the true cause of all these phenomena in the electric currents pro- 
duced by magnetisni, and succeeded in ciperimentally verifying 
the accuracy of his supposition by proving the existence of such 
magneto-elect tic curremi in a plate of copper which he made to 
revolve in proximity to the pole of a powerliil magnet. 
The IfalioB'ing arc the eiperiments : 

Firil Expt. He made a copper disc C, fig. 
Fig.^SS. SS5, to retolve about a horizontal axis belwfen 

nthe poles 8N of a powerful horse-shoe magnet, 
so that its upper edge coincided with the plane of 
the polM surfaces, as is represented inthejTj., or 
he even allowed the edge to project a little within 
the magnet : one wire of a delicate galvanometer 
was then put in contact with the amalgamated 
edge of the copper disc, and the other with its 
Aq metallic axis; then when the disc was made to 
M ■ lemlve, tbe gHlvanometer needle was deflected; 
V the side to which it was deflected dreading on 
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the diiection in which the dite vH turned. When nuda 
to revolve one wsj, the needle «boved ■ cumnt which 
flowed from Ihe centre of the disc to its upper edge, wheD 
turaed the other waji the cutreiit ran from the edge to the 

Both directions aiuwered to the laws of magnetic io' 

duction, § SJS. t M ma; be perceived froiD fy. 

Fig. SSS a. S5j a. For let the iquares S and N npresent 

« the poles of a borse-slioe magnet and the arrows 

^TEmI '" them the courw of the cuirenU according to 

l£3[e!S Ampere's hypotheui ; it is clear (hat these coi- 

i renig have the nme direction at the contiguous 

sides of their poles and ooosequentl; at the sides which in the 

eiperiment just describedarenut the disc Now let the disc 

revolve-so that iu upper edge shall be in the same direction 

with these currents,!, e. in ihe direction of the arrow a 6, and 

the gslvauometer will indicate a current proceeding from the 

centre of the disc towards it* edge : but if the rotatioD were 

reversed the oeedle's deflection would show that the current 

went from the edge to the centre. 

Nelt, break theconneiion of the disc with tbegilvinometer. 
and the induced currents will necessarily completethelr course 
within the disc itself, fbr the; cannot be carried off by the 
wires after contact ba^ been broken; from these currents, 
tben. those various influences on the poles of the magnet 
are derived which generated this inductive action. 

Second Expt. After Faraday had, by means of the first 
eiperiuieut, established the produclian of induced cur-> 
rents under the operation of the above-named influence, be 
took a rectilinear slip of copper a A 
Fig. SS6. fis- 256., amalgamated iu edges, 

on which he laid the copper cy. 
linder i d, likewise amalgunated, 
which was connected with the gal- 
vanometer ;, and so fanned the 
circuit tgd: on this strip of copper 
be placed the norlli pole h of a 
powerful magnet, and moved the strip under it, as from a 
towards b. I'hia pole then eicited in tbe conducuir a cur- 
rent running, as tbe galvanometer showed. Iron) n over d toy 
and t, a course strictly agreeable to the laws of induction. 
Observe the currents existing in this pole according to 
Ampere's theory, as they are represenled by tbe arrows m 
thejiji., and in each constituent port of the strip a i, which 
approaches the pole, ex. gr., in »/■ current will be generated 
from e U>f, because the port e i of the current will act more 
powerfiillj than the part v n. Now if this portion come 
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under the pde, that is, if it be situated like e J, it will recede 

from tfae current e a and will be brought neaiei to ■ w ; botb 

will therefore act inductivel;^ in the same direction and 

hereby produces more powerful current in- the direction 

from c to d. Again, if «/ moie farther, i. e, come into the 

position of A i, it will be &rtheT &otn the current v e, and 

consequently the current must nov flow agun from A to 1. 

If in this eiperiroent tbe strip of copper be moved in the 

Gontmry direction, or if the north pole be substituted for the 

south, the cunenis will flow in tbe opposite direction to that 

■giyen in tbefy. 

Agreeably to this eipcrlment, and in accordance with tbe law 

of magnelorfleotric induction, a (lar magnet standing venieally 

above a rotating metal disc and in its centre, cannot eicite any 

current in the latter, because in such a position of tbe magnet 

with regard to the disc, the latter can neither approach towards 

nor recede from the former. But so soon as the pole of the 

magnet is moied beyond the centre of the disc it will induce a 

current in tbe latter, which will flow in an opposite direction to 

the current Ampere supposes to eiist in the magnet at those parts 

of tbe disc which approach the pole, and in tbe same dliection 

with this hypothetical current in those parts which r«wfs from the 

pole. Hence between the magnet and tbe parts of tbe disc which 

approach it repulsion predominates, whilst between it and tbe 

parts which recede attracUon prevails, and on the resultant of 

these two forces the tangential, tbe perpendicular, and the radial 

action of the disc depend. 

If there be but one pole above the diss of metal, as happena 
when a bar magnet stands vertically over it, then the latter is 
affected by the two opposite systems of cnrrenis in such a manner 
tttat it is repelled by those which approach and it is attracted by 
those which recede from it ; the repulsion consequently predomi- 
nates over the attraction, and accordingly the pole recedes from 

Fig. 257. will render this more intelligible. Let the 

larger circle represent the disc of 

^ji. 257. copper revolvinp; in Ihe direction of the 

p arrows, w and e , let n be the north pole of 

^M^ a magnet, then the part a b of the diae 

f^Ki^K^ corresponds with the strip of copper in 

. "[^H^H]' Faraday's second eiperiment, and tbe 

k^nl^V^ current generated under the pole in the 

^Wj^^ disc by the first eiperiment will go from 

' the centre to the circumference, i. e. 

from m to jj. But if (he sputh pole, i, 

aland above the plate and a'f is the direction in which it re- 

TolTBt beneath it, then the induced current g n proceeda from 
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the periphery to the centre, Aecordlng to tlie rotation 
represented in the fy., the current mp appi-oacbat that part 
of the ma^net'a eutient which it repels, and recedes from 
that which it attracts ; repuUioo coniequently eiceeds at<- 
4raotiaD. The Mme i< true alu of the eurrect 71* at the 
majcnet's south pole, whence at bath poles there will be a 
rtputsioa of the disc. 
Ifa bar magnet be suspended horisontallr above a rotating 
metal plale the two systems of etectrte currents generated \>y 
the poles both in tbe approiimatinfc and in the receding por- 
tion of the disc, lend to moTe the magnet 
Jiff. 558. in one direction, u is shown hy the arrows 

in fig.^S,; hence results the tBDgential in. 
fluenee which drires the magnet in the direc- 
tion in which the plate is turning. 

This case may also be simply ex- 
plained by reference to the law by which a 
current flowing under a magnetic needle 
repels it (§ 546. ). Ib fig. 95H. let the larger 
circle represent the copper disc reiotting in 
the direction of Che arrows m and t, then we shall have un- 
der the north pole ■ a current running (rem the centre to 
tlie circumference, 1. (., from n to p 1 under the south pole 
(, on the contrary, we have a similar one from f to si, -^ in 
other words, Irom tbe circumference to the centre. Both 
currents combined flow tJien, with this rotation of the disc, 
from the south pole la the norlh pole, under the magnet ; 
both poles will consequently be repelled by these currents 
in the same direction as that in which the roUtion itself 
obtains (compare § 546. I.). lo like manner the motion of 
the magnet may be explained if the copper plate be made to 
turn in the contrary direction. 
Lastly, conceive the pole of a dipping-needle to stand verti- 
cally over some point of the rotating iix, so that it can move 
' only in the direction of a radius of the disc ; describe a circle 
to represent the sphere of the pole's influence 1 then the re- 
sult Bttendiojt the action of these electric currents will vary 
according as this circle tklls within the revolving disc or project* 
beyond it, and according as it include* within itself the centre of 
the disc or not. If the circle tall entirely Within the disc, while 
the centre of the disc lies without the circle, then the pole will be 
acted on in the direction of the radius hy equal and opposite 
forces, and the needle will consequently be at rest, fur it will be 
over the circle of indifference, the width of which it is evident 
must depend on the sphere of the magnetic pole's influence. 
Hace the pole of the magnet so near the middle of the disc that 
its centra shall lie within the ijihere of its infiuene^ and tba 
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needle will be deflected CawBrds the centre, the outward Influenee 
of the electric current prepondemting. Bring the pole of the 
ma^Det towards the edge of the disc, bo that the cLtcle of its ta- 
Huence shall ^1 parti; beyond the disc, and the inward portiooa 
of the current will preptrnderate so as to cause the needle to 
incline towards the circumference. 

Again, iajlg. 259. let the largest circle represent the cop- 
per disc, revolving in tbe direction of the 
Fiff. 359. arrows placed outside it ; let n be the north 

pole of the magnet held abore it in the 
^,f\ yntious positions already specified, and let 

/M^r!m\ *^^ '*™" """'** "'"'" " e»P"Bs the spberet 
iflNUH' within which the influence of the pole ia 
"■'V-SWF^ confined. The arrows in these lesser circlea 
y will mark the direction of the electric mu^ 
rents in the magnet. Then the plale being 
turned round as shown in the fig. (accord- 
currents flow from the centre to the circu inference beneath 
the pole, and both portions of the currents, t ti and s ;>, n n 
and nq.rn and n a, act repulsively and in oppoMte direc- 
tions on the pole of the magnet. Hence it is seen that in 
position I, the portions e n and up of the current repel with 
equal intensities, and accordingly the position of the mag- 
net's poleremaia) unaltered ; but in poution II , when the 
centre m lies within the sphere of the pole's influence, the 
repultiie loTee of the portion n q preponderates over that of 
m R, and the pole ii consequently driven inwards. Idatly, 
in position 111., where part of the sphere of the oiagnet^ 
influence lies beyond the disc, tbe repulsive action of the 
part r n of the current exceeds that of s n, whence the 
needle will be deHected towards the rim of the disc. 
The retarded motion of a magnet oscillating above a metallic 
disc, admits of a similar eiplanatiun i for when the magnet oscil- 
lates, its inductive influence generates a ttndency in the dise to 
follow its oscillations, but as the latter is unable to obey thit 
impulse, the currents induced in it obviously have a retarding 
eiTtct an the motion of the magnet, which will accordingly come 
to a state of rest sooner than it otherwise would. 

Siace electrical currents may with facility be excited in the 
metals when the latter are acted on either by artificial magnets 
or by terrestrial magnetism, Faraday is of opinion that no 
motion takes place in a metal without electrical currents being 
excited in it, if during its change of place it be in contact with 

the direction of its motion dififer Kum (heirs. He further inferred 
that electrical currents may result IVom the earth's rotation on 



h. Google 



its miis, and from its own proper nHgoetisnt, both in its own 
maffl and in Bucb bodies oh tie io the magDetic meridum ; be 
vould account for the aurora borealis ($ 54S. ) by actributing it 
to discbargH of electricity driven by the earth'i diunul motion 
toirards the poles, and which endeatoan thus naturally to diffuse 
itself over the equatorial regions. 



An account of tbe varioua modes of eiciting eleotrieal cunenti 
may very properly be terminated bj an explanation of efaelriEal 
■Id^raphii^, one of the most interesting applications of modem 

In this mode of telegraphing, the electric current is used to 
convey our thoughts, the signals being given by the differoit 

insulated conductors. While the current generated by frictional 
electricity ni the only one known, eiperimcnu on this subJH^ 
performed in the last century, were limited to the use of a dis- 
charge obtained either from a Leyden jar. or from an electrical 
battery, and the correspondecce wat carried on by the luminous 
phenomena eliciled. This mode of telegraphing was espeeially 
defective in this, that tbe signals could not be made to follow in 
sufficiently rapid succession, and on account of the high teneiou 
of trictionsl electricity, It was eitremely difficult to insulate the 
current. This last i^tacle was subsequently got over by tbe 
application of the voltaic current, whose chemical effects were 
used as telegtsphic signals, but even thus every requisite was not 
fulfilled. But when Oer^ed't splendid discovery was announced, 
and it was seen that teehle electric currents would produce a 
variety of magnetic actions, electrical telegraphing received a new 
impulse, and there arc established in England, Germany, and 
America, several lines where the results arc as complete as«>uld 
be desired. The currents are eicited either by hydro-electrie 
batteries, or by magnetic induction (§ S7K), and rotary machines 
(§£79.); the telegraphic ugnals are nther the deflexions of 
magnetiied needles, or the intermittent exdtalion of magnetiim 
in electro-magnets, or the physioli^cal phenomena. 

The superiority of this mode of telegraphing oier those which 
were previously in use, and in which the transmisaon of our 
thoughts depended on the velocity with which light was propa- 
gated, wilt be seen, if we briefly explain the principles of the 
latter. The signals made at any one station ia i^tticalteltgraphing, 
on account of tbe rectilinear propagation of light, will be 
visible only when the liglit falls in right lines upon the signal 
boards. To extend the circle of vision, theposts must be erected 
on high eminences, and, on account of the earth'i curvature, tbe 
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distaace froni Etation to aUtion must not be great. Tims the 
■diontage gained bjr the great Tclocit;' oF tight will be neutral- 
ized, ai much delay will be eaused b; the repetition of the 
signals at the intermediate staljoos, and much eipenae will be 
also incurred. A still more »riaui defect is, that these tele- 
graphs are not available at all fimes, on account of the frequent 
hindrances which interfere wilh the light in its psssage through 
tile atmosphere. Lastlj, the machinery, as a whole, by which 
the signals are made, is so cumbrous in its form that lery great 
Telocity cannot be attained in signaling. 

In drctricai tdiffraphimg the signal can be sent either way ; the 
action of the current, by which the signal Is made is independent 
of thenatureof the country, orihe Tariations in the weather: it 
is therefore aTallable at every season ; the stations may be wider 
asunder; no eipensive buildings are needed; and on account of 
the high velocity of electricity in good conductors, as compared 
with that of light (comp. § 306. and § 4TT.), it would be pos. 
sible to telegraph with our antipodes, without any intennediate 
station, in rather less than 0.05 of a second of time, supposing 
tbe current to be strong enough to overcome the resistance to 
conduction, and to make the appointed signal. One essential 
and important difleience between the two methods is, that the 
air itself served to convey the signals of the optical tel^raph ; 
we have no such universal medium for transmilting the wgnals 
of the eleetrii»] telegraph. 
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Vou II. Page 143. 

FRoPEssodMoserof Kaoigsberg entertains a somewhat different 
opinion, sa ti> the origin of the pholographic pictures, fiom that 
eipressed in the text Since the publication of the eiperimenta 
which led him to Tonn thia opinion, they have been repeated with 
variations by Knorre, Hunt, Kanten, Waidele, and others. The 
result was that Moser's observations iveie confirmed, but ad- 
u;iled 
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ceptible light; that images were obtained not merely when 

method, but on many other substancsa; that other vaporizahle 
bodies, besides mercury end iodine, were equally efficacious in 
acting on duly preparai surfaces. 

The following are the principal experiments performed by 
him:— 

A coin was laid on a clean well-poliahed glass plate, the latter 
was breathed on and ifae coin was lemoved ; on breathing again 
on the glass the outline of the coin became visible. Breathe uni- 
formly on a clear pane of glass, and write on it with blotting 

todij, and, each time thai It Is breathed on allerwards, the writing 
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vill become Tuibla; this eip«rinient ms]' be repeated for a 
oonaiderable lime. 

Other polished nibetances will do equall; well with glan, as 
HOKT fbuod bj using plates of metal, stones, renn, wood, leather, 
&0. 1 it is bjr no means indispensable, that the sur&ce should be 
polished, as the pheDomenon obtained when ground glass wsi 

The sui&ces of liquids are also adapted for these experiments. — 
Hold snj bodj over smne quieksilTer in a state of repose, and 
breathe on the otber portions of the fluid, or, it will be better 
still, if you breathe od the mercury first, and remoTe the moisture 
li^tly, by anjr means whalever (rora certain parts of the surtsce, 
and if the metal be not disturbed, the tiaoa wilt be distinctly 
■een for days whenerer the mercury is breathed on. 

Immediate contact is not essential, in order to produce these 
iqqiearances, either prior to breathing on the surlhce, or in order 
to remote the mtasture from particular points of it. Hold a 
sereea in which some apertures have .been made, over any 
polished body, so that it may not touch the latter, breathe on it, 
and allow the moisture which is condensed to evaporate ; the 
figure of the apertures will be renewed at every subsequent 
breathing. 

The vapour of mercury .acts in the same manner as that of 
water, but more powerfully. Expose a polished niver plate to. 
tills vapour wiUiout breathing on it, and a beautifully distinct 
image will be (bnned of the objects previously in actual or in 
proiimate contact with the plate. 

Mosei tested in like manner the vapour of iodine, which is 
peculiarly interesting, because it combines chemically with the 
diver, whereas the mercurial vapour is merely condensed without 
effecting any chemical change in the substance of the silver. 
When a prepared silver plate was exposed to the action of the 
vapour of iodine, in some eases, an image of the objects that had 
previously been in contact with it, was indicated by a difference 
in the coIouts. but whenever the plate was exposed (as in taking 
the Daguerreotype pictures) to mercurial vapour, a perf^y dis. 
tioet image was invariably obtained, the daylight bringing out 
the delineation of the objects with the utmost exactness. 

From a conoderation of these facts, Moser drew the following 
important conclnsion, that if the Murface of a body be bnmght in 
eontaet at arttnM panta wiA my other body lefuitevtr, it cuquirea tht 
property of emdiai^ng aS mdtvapom as adhere to it or trilhvihich, 
it eooMna eAoaioil^, itt o diffaaU maimer at lie poivti of eoidaet, 
from that in uMch it eoHdemei them at tie other potts ofiitemfare. 
Hence then we obtain the picture of the touching body. 

The most important point in tbete phenomena, as br at least 
as regards the inferences deduced from it, is this, that these pic- 
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turn may be produoed by contact and condensation, irben all 
light is completely excluded. Henee he goes on to say, that &t 
contact &f bodUt^ the candentatioti of vapour and the action of Ught 
bring oioiif iinUar eluiitgei in boditi, and thai thoie changti vhieli 
art produtid by the firtt too mod 



sicBT, Mosei's ides is that oS bodiei are to bi amtidertd ot »df- 
lamiatKU ! the light which einaaatea from dark bodiea, he dia- 
tinguiahes aa ineiiiblc Sglit. He thus proceeds ; If vapours act 
in the aatoe manner as ligbl, then idthough there may be no 
visible derelopment of light, we must attributs the effects pro- 
iluced by tlie coadensation of Tapouis to an umeea in8uence of 
light, ukieh tcken held in Ihit state in the vapoar nag properlif be 
ipoitn of (u bileMt Ught, it ti liberated at the moment tohin the m- 
poiirB are coadeneed, and erertt ait injinence and prodtaee e^fftctt 
TeienASng thoM of tight in itt ordinary condition. 

Prote^r Knorr of Kasan repeated Moier's experiment of ob- 
taining facsimiles oF tiro bodies, by plaoing tbein one on the 
other ; and directed bis attention chiefly to the remark made by 
the latter, that these pictures were both more distinct, and were 
obtained in a shorter time, when the two bodies were at different 
temperatures. His eiperiments proved, that on attaining a cer- 
tun difference of temperature, which, however, varied for diGferent 
bodies, picturee might be obtained even when the vapoure icere not 
condensed. These pictures became instantaneously visible; and, 
according to the methods used to produce them, they were either 
tranuent or permanent. To distinguish them from the imagea 
noticed by Moser, Kni»r called tham Themoprtyihi. He believed 
that they owe their origio, not merely to the difierence in the 
temperatures of the two bodies, but also to the heights of these 
temperatures ; and as they are produced even when the tempera- 
tures of the bodies ^e both equal and constant, he regarded Pro- 
fessor Noser's theory of invisible light as an unnecessary assump- 
tion, considering rather that this phenomenon may serve as a 
demonstration of the truth of Prevost's theory of eichuiges. — 
(§385. p. 172. Vol. II.) 

Mr. Hunt of Falmouth, who performed the like experiments, 
is also of opinion that these pictures are the effect of a purely 
thermal influence. 

Professor Karsten has published another mode by which pic- 
tures of this kind may be produced. It consists in placing two 
bodies in contact, and sending electrical discharges through them ; 
breathe on them, and as the vapour is condensed the image is 
rendered visible. Karsten calls them electrical picttiret. This 
phenomenon bad, however, been previously noticed by Professor 
Riess. Karsten by no means admits the hypothesis of the exist-" 
ence of invisible light; alleging, what indeed Moser admits, that 
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it U not to be attributed to loUr light, but is to be cofuidered u 
inherent to all bodi«a : then nys he, Probcblv it is not light *t all, 
but rather the eierlioa of a force po«seued by all bodies. He 
attributes all tbe>e pbenomena to maUntiar chanffai aad at light, 
htal, and <hcericj(y art aU iquaSy effcoetotu t» prndraig lAcm. 
theiT eatae it rathtr to bt nxigAl ta Ot influaiei of coheaiam than in 
light. 

Dr. Wudele of Vienna haa also tiioroughly tested the eiperi- 
meDts and obaenatioDa of Piofessor Hoser ; and on comparing 
hia oirn with them he Ibiuka he is warranied in saying, tiut all 
tht effitctt of inviiiblt light may it explaintd by nftrring &tm to tht 
Mnupml ctiptwitiet of boditt for abrorbing goja. 

He liiund that when an abject waa brought near to a polished 
disD, the eSects produced depended on the circunutances in which 
the two bodies atood with r^ard to the gaa they abaorbed, a mu- 
tual action taking place oolj when they were in a different con- 
dition. ^Either a coating of tbe abaorbed gaaea waa imparted to 
the plate, or a portion of the gaaeoua atmosphere adhering to the 
plate waa irithdrawn from it by the touching body, or an ei- 
change of the gaaea each had absorbed was made at their paints 
of contact. 

A liquid 01 a gaseoua body brought into proximity with the 
plate, so aa to touch it at certain points, produced similar efibcta, 
ioBaniuch as it induced a change in Ibe gaseous atmosphere about 
the plate. 

These changes are rendered rinble by the condensation of the 
vapoura on the plate, whilst the colouring of the condensed va- 
pour varies according to the state of the gaseous atmaspbere about 
the plate. 

Tbe brief comparison we bare just given of the difikrent views 
entertained by seieral distinguished men of science will show, 
that the Important theory propounded by Professor Moser with 
regard to inviaihle and latent light baa not yet receired the 
universal sanction of the scientific world. The importance of 
the hypothesis, aa being based on new analogies, which had been 
detected between light and heat, may well lead us to look for 
further investigation into the subject; and we may sincerely 
express a hope that the talented professor of Kiinigsberg will pro- 
duce some further and coniincing evidence in favour of the theory 
he has advanced. 
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leoui electromotor is id contact with tva heterogeneoua 
id*. In this case, boweier, oiygen and hydrogen are made to 
e the place of Buida : they are oooneded b; means of ackdu- 
^ VBter, and a strip of platiaum in each gas acta ai an elec- 
Qiotor. The pUtinuin immened in the hydn^n ii polarized 
TSA go aa to bring it into ■ state oF more positLre tension 
n that which staods in the oiygen ; the fonaer ia therefbre in 
: lame eieclromotiTe condition ai if placed in cancentrated 
ric acid, and the latter as if in cauatio potash. This battery is 
3WQ as the hydro-oijgen battery. 



§511. Page 98. 

Lens's recent iniest^ticma into the laws which regulate the 
generation of heal by hydro-electric currents, haTe led tdm to 
agree with Ohm and Vorsselman de Heer in rejecting Pechner'a 
and Poggendorff'a notion with regard to the existence of any 
reiiHance lo tin Imnmu'antm of l/u cumK. They attribute all 
these phenomena lo t!)e polarisatuin of the metals, and give the 
following a» the laws thej have obserred : — 

i.) The polariistion of the electrodes (metals) happens in- 
stantaneously with its full intenri^ when the current begins. 

2.) It is not dependent on the intensity of the current, or on 
the size of the electrodea (thdr surftccs in action?), at least, 
when the onrrenu are poweiful, and the electrodes of considera- 
ble dimeniions. 

3. ) It does depend on the nature of the electrodes (metals) 
and oh the fluid in contact with them, but not on the di^ree of 

If, then, we regard the polarisation of the electromotors (or 
metalsl as a diminution of the electromotive force, which may b« 
represented by p. we must cbange Ohm's fundamental formula 
for the intensity of the current (page 101.), 



Page 163. 

The latest and most com 
chand^s; it may be tbund ii 
iiix. 8.494. 

Lead-ore. amber, bismuth, nickel, English palladium, French 
palladium, mercury, French platinum, tin, lead, bronte, brass, 
gold, silver, fine sUrer, unc, copper, Russian platinum, carbon, 
cast-iron, graphite, fii^le metal, iron, anenic, Bntimony. 
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RigelSG. 

Mr. Foradaj'a discoreiy tliat a ny of light msf be electrified 
tuid nugnetiicd, and that line) of magnetic force may be rendered 
lumuHMU, ia too important to be paiaed orer. The following 
abridged acoaunt of the paper vhiob be read before the Rofal 
Societ; in November last, ia taken from the " Athenaeum " of 
December 6. 1845: — 

Mr. F. ataled that for a long time post he had felt a strong per- 
suuion, derifed tromphilosopbicalconsiderations, that, among the 
aereral poirers' of nature which, in their vsrioiu forms of opera- 
tion on matter, produce different claases (^effects, there eiiili an 
intimate relation ; that thej are comiected b; a common origin, 
have a reciprocal dependence on one another, and are capable, 
under certain conditiona, of being canierled the one into Ibc 
other. Already have electricity and magaetiam afforded evidence 
of this mutual conrertibilit; ; and, on eitending hia views to a 
wider sphere, the author became convinced that these powers 
must bave relations with light also. Until lately, his endeavours 
to detect these relations were unsucceasfiil ; but at length, on 
iuatituting a more searching interrc^tion <^ nature, be arrived 
at the ducovery recorded in the present paper, namely, that a 
ray of light may be electrified and magneliied, and that lines ot 
magnetic force may be rendered luminous. The fundamental 
eiperiment revealing this new important &ct. which establishes a 
link of canneiioD between two great departments of nature, is the 
{bllowing ; — A ny of light issuing from an Argand lamp is first 
polanied in the horizontal plane by refleiion Irmn a glass mirror, 
and then made to pass, for a certain space, through glass composed 
of Plicated boiale of lead, on its emergence from which it is 
viewed through a Miehols' eye-piece, capable of revolving on a 
horizontal aiis, so as to interrupt the ray, or allow it to be 
traxumitted alternately in the different phases of its revolution. 
The glass througb which the ray passes, and which the author 
terms the dimagnetic, is placed between the two polea of a pawer- 
fiil electro-magnet, arranged in such a position as that the line of 
magnetic force resulting from their combined action shall coin, 
cide with, or diSer but little from, the eoune of the ray in its 
paaaage through the glass- It was then found that if the eye- 
piece bad been so turned as to render the ray invisible to the 
observer looking through the eye-piece before the electric current 
had been established, it becomes visible whenever, by the com- 
pletion of the circuit, the magnetic force is in operation, but in- 
stantly becMnes again invisible on the cessation of that force by 
die interrup^n of the circuit. Further investigstion showed 
tbst the magnetic action eauaed the plane of polarintion of the 
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polirixed ny to rotate, fin the rsf wu ■gun rendered visible by 
turning the eya-pieoe to a certain eitent, and that the direction 
of tbe rotation impreued upon the ray, when the macnetic 
influence ««a iaauicg from the south pole and proceeding in tbe 
same direction ■■ the polarised ray, tm ligbt-handedt or similaf 
to that of the motion of the bawlB of the watch, aa estin»ted by 
an observer at the eye-piece. The direction ia wbicb the rota- 
tion takes place will, of course, be reTeraed by reveraing ^thei 
the course of the ray or the poles of the magnet. Hence it fol- 
lows that the palariied ray is made to rotate in tbe same direc- 
tion as the currents of positive electricity are circulating both in 
the helices composing the electrO' magnet, and also as the hypo- 
thetical currents, which, according to Ampere's theory, circulate 
in the substance of a steel magnet. The rotatory action was 
found to be always directly proportional to the intensity of the 
magnetic force, hut not to that of the electric current ; and also 
to be proportional to the length of that portion of the ray which 
receives the inSnence. The inter^KiEilion of substances which 
occasion no disturbance of the magnetic forces, produced no 
change in these effects. Magnets consisting only of electric helices 
acted with less power than «ben aimed with iron, and in which 
magnetic action was consequently more strongly dcTeloped. The 
author pursues the inquiry by varying, in a great number of ways, 
the circumstances in which this newly -discovered influence is 
exerted, and finds that the modiflcationa thus introduced in the 
results are all explicable by reference to the general law above 
stated. Thus tbe eSecl is produced, though in a leas degree, 
when the polarized ray is subjected to the action of an ordinary 
magnet, instead of one that derives its power from a Toltwc cur- 
rent, and it is also weaker when a single pole only is employed. 
It is, on the other band, increased by the addition of a hollov 
cylinder of iron placed within the helii, the polarized ray tra- 
versing its aiis, being then acted upon with great energy. He> 
lices act with equal power in any part of the cylindric space 
which they inclose. The heavy glass used in these experiments 
was found to possess, in itsetf, no ^eciGo magneto- inductive 
action. Difierent media differ extremely in the degree in which 
they are capable of eierting the rotatory power over a polanied 
ray of light. It is a power whidh has no apparent relation to the 
other physical properties, whether chemical or mechanical, of 
these bodies ; yet, however it may differ in degree, it is always 
the same in kind ; the roUtion it effects is invariably in one di- 
rection, dependent, however, on the direction of the ray and of 
^e nugnetio force. In this respect it differs essentially from the 
rotatory power naturally possessed by many bodies, such as quarti, 
mgar, oil of turpentine, &c,. which eihihit the phenomena oF 
oireuiw polariiation, fin in aome of these tbe nrtation uttt place 
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to the right, and in otbers to the left When, tberefbre, luch 
■ubstaacei are emplojed aa dim^Detica, the natural snd the 
snperinduced powers tend to produce either the tame or opposite 
rotatloDs, and the leaultiog eSeots are modified according as they 
are eumulatiie in the former case, and difl^reutial in the latter. 
Id the concluding lection of the paper the author enters into 
general considerations on the oature of the newlj-diaooTered 
pover of electricity and magnetism otbi light ; and remarks that 
■11 these povecB possess in common a dualitf of chancter which 
constitute* them a peculiar class, and aSbrds an opening which 
before was wanting for the appliance of these powers to the in- 
vestigation of this and other radiant agencies. The phenomena 
thus brought to light confirm the views entertained by the author 
rdalive to the eonstitudon of matter as being spheres of power, 
§at the operation of which the conception of a solid nucleus is not 
necessary, and leads to the presumption that the influence of 
magnetism on bodies which exhibit no magnetic properties, con- 
usts in produeing in them a state of electno tension tending to a 
current ; while on iron, mckel, and other bodies susceptible of 
■nagnetiom, cunenta ore acludly established by the same <n< 
duenee. 

The author stated that he was itill engaged In tlie prosecution 
«f these inquiries. 
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